;e3e,w, t\v: 6BT LASER | RRADI ATI ON METHOD AND LASER | RRADI ATI ON APPARATUS,
AND METHOD FOR FABRI CATI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON
5 1. Field of the Invention The present invention relates towmmmﬂmwmwm
irradiation nmethod and a | aser irradi ati on apparatus for usi

(apparatus including a |l aser and an optical systemfor guiding | asgp« beam
emtted fromthe |laser to an object to be illumnated). In addition, the
present invention relates to a nethod of manufacturing a sem conductor 10
devi ce, whi L | 2SS E000, i At

sem conduct g‘rm%ilgggg)elgli@%gg her e ié\él%gglggg e@g{/}@-@{)bgﬁ%h@gﬁ’ce such
as a liquid crysANMD METHGH RN FABRICATINGSEMEGONDUGTOR/DES ICEND an

el ectroni c device that includes the electro-optical device as a part. 2.
Description of the Related Art 15 In recent years, an extensive study has
been made on a techni que iggﬂé%iéﬁg%ﬁ@{?ﬁgqﬁ%mduct or filmformed on
an insulating substrate rystallized so that a
sem conduct orfitid oPthayavedtiehyst al structure {hereafter referred to as
crystalline sem conductor film is obtained. As the nethods of

crystallizati onThaptesast mvemtéomedlatas b al lasey beemhiothdimiongmethodand abaseal i ng,

a rapid 20 thermal annealing pethod (RTA nethod), a | aser anneali nrg nmet hod

[ ). . :
and the |i Keadigtion pamtpetpr uaHiEdhe MaRebGPreRtusdrerdingg lases a9 apmticabt hods
t hereof ca J: I | zad B | a
anor phous es?neq%g%ﬁjdé@gﬁ?&érgr %%ﬁ?’%?/tfe}d%{ééﬂslg?ﬁ 13%25%% 8@(8%?%6?1@@}3%6?%@ hi gh
mobi | i ty. Siditién,tthepresehinensdnadeldtéretoseiietoadIGh Dfufddthig 5 seaRGnd&ctbo form
athinfilmtransistor (referred to as TFT), for exanple, the TFT can be
wi del y 1dsedeviee, arhiglvinclusdesadasexbeamyuradiaiopsten. MNots thaqg semidopdugtar ggviiech TFTs
for pixel portio TETs for pixel rtjon.and TFTs .for driver circuit are
forned on BerrabetatuandicE @Rich] 0Fileh alf phe g Bt dice
amor phous  seg oandrG deQid%[‘Bﬁ’@'ahrégccftﬂéhf@@&ic@t}fah%di‘@des%ﬁ@%lé&?rﬂ?ogﬁi 2600 C
or nore for 10 "hours of nore is required. A 30 quartz is an applicable
mat eri al ofevdedata psre for this crystallization, but the quartz ' *G00002*

substrate is too expensive in price to be manufactured especially in a
| arge ar ea?- IReserpidon pbthiehnlaiod Arhe productivity efficiency, manufacturing

the suhstrate in lar r i nav.oi I it s ex d that.

substrg ein V\A‘liICn% eggr}tg’%ﬁ’?h%g?x%ﬁégvez?tggggg%%ee&smiderﬁnv@ Feﬁﬁ %@u%f%gﬁl{fg’_ea in
recent yeaﬁrﬁorp‘fho@s&ﬂi@pﬁ&d’&ér ﬂﬂl?r_nfbm@d féﬁtaBQHs&itiﬂmibﬁﬁétp @rﬁd@%@'g’lds& at i by
using netal elenments disclosed in Japanese Patent Application Laid Open No.

7- 183540 ehlsblisectynallizedstoathal aatemiconduntos ifdmuhavingiccystalagirnuaturo {hensaftemal
problemto he realized at a |low tenperature, .The crystalline sem conductor
P P can betetEdas By conues SHBLEOMGR U Srarfnhouhe O BRTo0arnt
such as ni : ' NECY:To r :

sem conduc(fcrggtld%‘hlzlgﬁ]blll?’1 ﬁée}pnggt %gg%nor%ﬁ%%sl&ggﬁngggﬁ S@l orr I rﬁaﬁgaﬁlgéta ergplfdor

f our haor sthaim&lSMnéalify methol {RTAaaethod)) adaser agnéntingadethad anle thevigke Wegh
energy only to the sem conductor filmw thout substantially increasing the
t enper at ur@amined; g yore dhergpfeon epsehinig{wg) origoicarethododyred san bg sasied

spot | i ght bt irtsr gpgl iagnce in a glass substrate 15 with a | ow strain point
as a mattel 5? GFSE _%‘d a plastic substrate, etc. An exanple of the

| aser anneal i ng RLAPArisSn WithRhARbrPHous QEMIddEditbE & chRSAlinO{AMCchA AIBEN
excimer laser or the |like by an optical systemsuch thhat it becones a
squar e spdilnphasedrens highnmbiktyl iSieczrthed; alpecrg$talldmg semiconmdoooefiim i$ asegt h on
a surface being i)Jlumnated, and relativ hifting ap jrradiatio

posi ti 6n &PfPﬂgaﬁ%ﬁ%gPﬁlW& effcfe#é%ﬁ%fﬁi, Of gl iae & éiaﬂ§eivrlﬂeﬂaﬁ nat ed
to conduct 3 [ I ¢ > : ; "l ine"

i the st e T B o T TSR o i g a
hi gh aspecTFTsafor pixeFportinand EE Tsabt Bdugttircuit araitbregt s adnesiapaubstydtelg an
aspect ratio of 2 or nore (preferabl ¥ 10 to 100), it doesn't make any

di fference from@ensrally, dmaprerde cayssaliizeee agorppus| Seimeqnduetdr iig apagalipe
contained jn the 25 | aser |iqght b rectan r shape (rectangul ar, shape
beany . Not!aasc 2 Fitamal HeamBhan AR o€ deaiiedon e Bont i Batt By R 19
requiregl fRiraneeal AficamcoRhRehl 8HkhbGa8NFdrYthiOchStalliaiBhNBhCthe g, | f
sufficient annealing is conducted for the object fo be illumnated, it may

be a rectangul ar shape and a tabl etop shape. However, a crystalline
sem conductor filmformed by subjecting an 30 anor phous senj Mmmmn\mml | m
to laser annealing includes a collection of a plurality of rm“mm

*G00002*



crystal grains, and the position and size of the crystal grains are random
TFTs are fornmed on a gl ass substrate by patterning the crystalline

sem conductor layer in an island shape for device separation. In this case,
the position and size of crystal grains cannot be specified. In conparison
with the inner of crystal grains, the interface of crystal grains 5 has an
infinite nunber of a reconbination centers or a trapping centers caused by
an anor phous structure, a crystal defect, and the like. If the carriers are
trapped i nsibsapfe 8gos eRp@ishuc ipqirtdet tode r@bm&fa@hﬁddneslp@d;iﬂﬂﬁlrry aVhige @&, In

i ncreased and becone barriers to carriers, it is know that current
transport | aglet e impraviei the ipsedustivits reffieiencyvimanufacturing Hetibsaatsad biargdhi s.

However, i s al nos ossi bl e form.a channel for on r.egi on

using a 10 r§?h‘“g‘l“@"8?‘{?g ‘%E’fﬁe&S’Hdﬁ%‘ta&Pg%tWMWﬂCha nﬁpt%“etﬂggﬁ”fﬂe? nce
of a crystglmg,@lmlggg[%,usga;,h%gﬂ yehystal characteristics of sem conductor
filmof channel formation region have a serious effect on the TFT

char act éri sti cs. Ohhtheeothsr aland,yatmlethgdomﬁ shdrmah ooy stajlizatival by sudieg enéthly
attracting attentjon. In the technol og when_ a CWlaser is illum nated on

a sem cond@n‘éf"@ﬂtsfql#%‘?sﬁitlw anaeelaten &ppllsa%hhﬁri ﬁ?j’eFer(b el @iﬁ“@@ﬂ?@ﬁ the
crystal @ggt%llgfafy)vn (Eé)rg ?r%{u?g thncht 5.3 Sgr?\[kh P?n%lprrg }not% { hr,?era zed at aelSUI ting

in form ng si'n el'ongated I'n i & corfsi’der ed
that when temp%rmltehoqfhe ereilih@ demros a6 FiftH Caf bef fdrmeH thi@snefMbddmi N
boundary at least in a channel direction of a TFT can be fornmed. However,
in this nmewhish,a Snail:emaumﬂaasféfrmmt\ﬁudgaanwhvlepdhghlkmmndéeaddgiaddcdllmaa:n can
be suffl ciently 20 absorbed b E m conductor filmis %@Wd onI a | aser
that i d0ve?HOPREPS STTRICPRLUGRR Tt °e?§1°§8‘6%‘{5a‘ﬁml%qqd§‘°ti’6 c‘éu‘ie%‘é Ml i ed.
Accor di ngl y kBN fYs§kcproductivity, it is inferior to technology that
uses an exclner | aser. gUMVARY OF THE I NVENTI ON 25 The present invention
intends to prowshece thetiagg ifealing thetho@V¥dnadeliveri highmeidgy nenlp loages
light with hig roduction efficiency and a |aser irradiation apparatus for
carrying omm@mf) thrafdnawntbﬁuto?ubsuaetml@sewcretansgigtthe tempeiaiur¢ snsubsiretepthesent
invention also i ntends to rovi de a r fabricati ﬂg a, sem c nduct or

devi ce by M3& agpeafl c?(br’r]csflln} EE‘H %a%}am}? a glass f‘f‘Pé A%ser

i rradi g§i oR;d 'aH@wtsWaﬁx (%Qt Jls“a %aREP&Fc%%rs%f afrd ¥ plaRlit k@Gt egM conduct or
filmwith a CWI aser, |n order to i nprove t he producfivity even a

little, the fol IAmemyan ofché lasexyarmaalmg-mieﬂmﬂ is #hhadthodsof farmamepulbeiasen s
processed into a long ellipse in a surface being illum nated_and the
processed PeAEEfropbaRexeimes dansear the Hkapyan optical gistese srehthet it breomies iapt i cal

| aser bean el S8t LLSHER! Fiintd Apalr 00 b bERlorRAThenafd, LIFLEDY the

sem conduc mis present 1 nven i nt ends

provi de a seadRMifktel) Addmera@‘wryehamnglah lnpadlsﬁkbn paation b the 143er Béaasth
productivity in the process like this. The CWIaser suitable for the

pr esengo rretteﬁwt ite thmeurfarst béing idwmivatas) @ngmduphamnﬁelmangjﬁleo‘ﬂnﬁaﬂ shapedr | ess
and a remay b‘&%ing I%h out put st;‘ bljlt far instance, d harm) ics of a
YV04 | aser es%’é APHUEI 'Y f ‘ée k{b"("l\ﬂé‘-‘ét SSPRE;, “6)"‘4“‘*0 %) (qrai 8F0 atfo
second harJIB e silpePhalifiz h ARET aspSQERRS! IGH SRR Pfes aﬁflo%h? t4§&c£te§§5hap%econd
har noni cs of " a Ya1(5)3 | aser, second har noni cs o Nd3+: Y

Yb3+: Y203)havamean aap«d:taatl@\rofl 29ermdrei (pgefamply, clibtice 10y, tie doedn’ lveia}ce dnyr t her

hi gher order harnmoni cs of the above | asers may be used. Further
al ternati \fef grence Srop thay @rshage at ¢ Swrfaqehedng llwmlapeséaﬁ@mneecqnéee?d ingthe; .

sapphi 52 1 agen; ight.ha hQW X IR butaf 37 te &Qctpi‘ioglhﬁsﬂ{ape%e )'ﬁ%F Jla?‘ﬂ%)ﬁn{;aa}ser’ a

15 CW eI iumc aser, -a cop vapor laser
nmay be US%apAsﬂiSBaﬂ @d bbiirOfn Q{h@g}kﬂﬂﬁltwreém%efol‘ aﬁﬁaﬁngran@bjﬁcu Edicient19f

ki nds of these |asers nay be used. First, a 10 WYVo4 |aser (CW the second
har noni cs,toTteMdpimingtedr epbusedt anfflcapnbeam:zslhape eangpetefl fos the obistéelbgi th a

convex leng having.a focal |ength of 20 into an elliptical beam
Speci fi cal ﬁS}m"é?“i’(gételpabgﬁﬁ]ngagﬁq?rﬁ‘é‘P?a’gﬂ]? éa?"é?i"?ﬁ halSe convex |ens and
processed into a shander e' L:%Blallfﬂ%l sBARRIhBYCHS Fi1pf faﬂedgrsgt Sk Qng g |1 ke.
The present experinment Wil e explained wth reference to Fig. 2. In the
pr esenso em&frplﬁmmtsem@cdnasﬁm fikamo et adedlimpninaluliese coltexton bt @iurdldd ofs
reflected by a mrror 202, and entered into a convex |lens 203 at an angle
of incidence of 20 degree, and an elliptic 25 beam 205 having a mgjor axis
of substantially 500 pmand a m nor axis of substantially 30 pmis forned
on a sem conductor film 204 di sposed on an surface being illumnnated in
parallel with the convex | ens 203. Though an irradiation efficiency can be
i nproved by further shortening the mnor axis and thereby |engthening the
maj or axi S, 5| nce as a Iength of the m nor axi s becorres shorter a focal

o ~ o~ o o 1 a



4 appropriate. When the sem conductor film 204 is scanned in a direction
of the mnor axis of the elliptical beam 205, in a region having a w dth of
150 umin a major axis direction of the elliptical beam grains extended in
a scanning direction are fornmed closely 5 packed. Hereinafter, the region
is referred to as a wwdth of a long grain region. The sem conductor filmis
formed on a gl ass substrate. Specifically, on one surface of a gl ass
substrate having a thickness of 0.7 nm silicon oxynitride is deposited

w th a thi ckpesprahs,2d thenpasidioh adeise afhtha-doystil griaindaire Rghddnt. hITIRBESS Of
150 nmis dep05|ted by use of the plasma CVD nethod. Furthernore, in order
to inprove qmeﬂ@@@s&laﬁﬁ@ebqﬁm@p@fwt@gu& tmw%aéhvwnu%td@ﬁor laygs mgaiislend t he

| aser, the semfc q/uct t m1|§1 Eetzld toltl lzeatnc %al %Pat 50 degree
cent i gr ade 1 [4F I ICCERYPIOHR PR ETFHhEE R am hg, “as* i PS?IE‘& 8%ove
in a sectiggecitied. Rﬂ'(ﬂ‘rﬁﬂn@éﬁ w1thttllibelnﬁéb’(§tt<§$f§télzg}§1h9Qh@inté@&e&ﬂr&m%ﬁhy
filmdue to a netal elenent may be perforned. In either one of these,

opt i mumsl abay an infadicatunsrer of radiecorobimatiore ceiters |cara, trafping genté‘z“swsus;:dgnaprh
show ng rel atl onshi p between a cannl eed of a sem conductor film and

an opti munPg uwﬂﬁﬁtref peryetal cafegty Mqhgpt%elf%ﬁ%ﬁaa&t&ppﬁﬂ Phirapping
vertical é%rﬁerﬁ Wont aﬁlgta%'gllngﬂ'brﬁbhe?rﬁ%ill%%wéa qrcXan’% b?mjergtot&#;lgrg Nt aI

axi s shows canning s &'sem cona

t he presents igoRaT thaE&irrent h@ndfﬁ@itlﬂglbﬁhm@ieﬂgtl@foﬂchﬁte$§ﬁlﬂnbél@e@@@@ﬂcduSecﬂl@ﬁ
cms. Fromthe graph, it 20 is found that there is a linear relationship
bet vveen t héll%caﬂnmgers peedlnm(d lmmsstblﬂ fouform Iamhanmixfemaémee@tpn@drnsmg Zon

L L AT A B B A B il
sem condu C\%\%{ X ﬁh lcFstat cﬁﬂ?&%ﬂmc? 8t o %] i':('r:’t{}jluﬁm film bF &anﬂel%ﬁﬁﬁt&%%@h 'hﬁ@é a

systemin amjor axis o ptical beamis 25 furt

el ongat ed. sctves effyct canthe TFTwhaaderibiam 406 having a major axis of 700 um
and a mnor axis of 30 umcan be forned. In the present specification, in
order to standaFlegrg Imgcesspégrqvethtt@qhnpwlth@ is Faeenthy ABIACHRE attestionhdn the

i pt I f d 30 f f f t I
Cy et o acleBBRe kS e LA T yBRES b eSO P VBl ESYRRH £,
path tqsa y&hhingn &hé BEEERM, c%ys@é‘l' graﬁi;%'g}aIv écﬁlﬂécté@:‘}nttfi@tscéﬁu IdH%ét%rﬁ
| ength of the major axis of the elliptical beamand has a foca | engt h of

150 5 nhesaed, aestytingdn i foahingenssidgld drystal atiingsted @ tetgdikeatibnt hét s nor

axis and has a focal length of 20 nm The cylindri.cal ns 403 i s di sposed
120 mm abo%RsidsEcd Hiat ddish tRisgpet i mwdaﬁaetlwenéwphh m Bt has o grgint i s

Fi T maos. - Taly B LaRC, PP R Rl PO 1

405 are di ﬁﬂ@ﬂﬁﬁd sinee ReOW taseahhying @ wavelpidthdh aavegonothat ben baseffidieam Wen
the elliptical beam 406 is scanned in a mnor axis direction of the
el | i pt i28al ahseshndrhsl the isemicopdudier Slamiscsadir pa Lser thaubyeangmalhér éhguiphe

sem conducto film405 al.e wher e haV| ng a
Wi dth of B ARSHRSER alllyol(fr&\y “a{é&i’%lﬁ’(‘fdrg’b PEfinel: t“hvéé‘éII‘Ir} P;S?‘I‘bch vitg

grains el opgaigdoiitthnbfogyannisedatlbi @kt PRe@r € cl osel y packed can be
formed. The optimum scanning speed at this tine is SOcms and the | aser

output is 10 W An optical systemwhere the major axis of the elliptical
beamis further elongated i ; EEO% i 2 .0 y, an elliptical beam
505 having a major axis of PF ﬁj@lﬁﬁﬁ@ﬁi s of 30 um can be
fornmed,sA speci 4 Rekidegvi haser
osci || at or 501, ﬂe Fhi:r rglf(l)ﬂr ﬂ%gﬁbxﬂ%t‘% d% I eé’qg‘;lgglaajl Bﬁ:}t{ pat??t into aévertlgc?:a
directi on,llmﬂdnﬂncgylal Reéi Gaht Wethshiph3plobadtichdeifidiency dmhgt fasef irtdiatiornor

axis of the elliptical beamand has a focal |ength of 20 mm The

cyl i ndri cadppaeaiss Q3 areying Qpbéedrrgdlatlhatof ahd tse lighti nin srgjtieribepgrsean t he
sem conductor film504. The 20 . i nd ns 503 and th conduct or
1 804 argeuaaseinind mravifh agbetoq Fyyfebase & SPaervReRy REeat | cal
axi s of th?seltﬁsdesrerrﬁﬁ&muc ?ﬂmt(hﬁatﬁ!:& n?’ébt@ﬁ'ng%‘ﬁ@fﬂeﬁQgér'1r°ra(§ﬁﬁ‘6‘ﬁ‘ﬁﬁe ks, 2 m nor
axis direction of t Iptical beamrelative to the sem conductor film -
504 to3eryst al llnzeprobesssd it ysvaliriap arsefriiCondnOwr fAmsviab @ QWelassr, imnorger &gi on
having a width in the range of 600 to 800 umin the 25 ngjor axis direction
of the elliptical beam grains elongategl in the scanning direction are

cl osely packed can be forned. The opti num scanni ng speed at this tine is 5
to 10 cm's and the laser output is 10 W A series of experinental results
are shown in a graph of Fig. 6. Specifically, Fig. 6 shows the rel ationship
between the optinum scanning speed of the crystallization of 30 the

sem conductor filmand the Wldth of the regl on of gra| ns |n the ITB.] or aX|s
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5 of the long grain region. Wien both are shown on a full logarithmc plot,
the relationship between these becones substantially |inear. Wen the

rel ati onshi p between these is expressed with an equation, log L = -0.465
log V + 3.188 Equation 1) 10 can be obtained. In the present specification,
for conveni ence of understanding, unit of the wwdth L of the long grain
region and that of the scanning speed V are nade different. However, sane
unit may be enployed, and in that case, only a constant termin the

Equati on 1ljmpeeenispdidhtivientvenfchinkedihegbilowaedepttivedy chtizdaunsrantisf £r m
it can be 15 said that the Equation 1) holds for any unit-systens. On the
ot her handlasghbenrg ig ipseceserde ds@aylongrellipssein asadasy ggngsllmm’qedayncr,ther can

be expressed as fqllow T.= (a/L).x (blV +.2VIq).E ian. ere ais
2" engt - OineBsetipsed fear df st e i e ff M Sdise s Blindfeaf Pt i
assuned t o(RgeinSGEAREH AT to ANsh BllipEcAl He@MY! dhd Bicby tRé&kerRicoAddAMYAIm S de
when the sem conductor filmis assunmed to be rectangular, and g is

accel er at i orystallived, Eny pEpentdorverdnyinfends o @revidan ainmethep éerdilluminaingham
velocity V). .. A factor 2 of the Equation,?2) 25 denotes an accel eration
peri od ande%‘pﬁﬁﬁl&eéfr’a‘t"?teﬁh‘bélrgﬁﬁﬁ%r%é“ﬁ&'@“t'H’éal?rﬂrf’%cséiﬁf’ﬂES'a and L are
unified, a/L ispfli i i i i P al |
unit systens argg%W?%sgletﬁ eiesg&ng%r E}segﬁtxré%{ﬁ&gg% ttgﬁ%g.a%\r}\%%%l%ﬁrgﬂgmi re

surface of tha raege GIITYUGH OF 1dss hid 4 EIniREatlP hih @LHaRebilay, B hstdnat Second
| aser - anneal ed according to the present 1nvention, it I's obvious that when

30 the el | hpmiau¢s dfea¥Vis lasenspeanddiaongniss PEnYAGC QA& ¥AGaCr'écYAR) lasar,
bst t he | IA li t ficientl f d.. At
This tiiHe, Scropg Ramhontpsofy ERdasesepmd B of & s Higoetiopd BeRtaigh. | o

paral | el bezhYﬁl@l'l%etr,esrecéﬁcfif‘arﬁfonﬁé%%f%‘ﬁlgzﬁar(ﬁfde*-:Y}/&e,'th}hli"'ﬁo 15 @R IR ant AP

nunber of tines of the acceleration an ecel eratton of "tHe scanni ng can be
made the | mast beiAgappticatde.y , Alterniiipedy, i farth2) hightr beleadmrmenics lofittha ableviot es a
shorter 5 side of a rectangle and b denotes a | onger side thereof. However,
si nce the lesgistmay Be 4pefl. dEyhepterpatiyelye tasensriychiiap ecuby basst, anrpdexandeite peam
when in a [ect agq,ul ar sul?stratﬁ“;l sem conduct o leI eme%;r iré aniﬁh rains

el ongat ed a3°h A SWPPEF Lhe b YR PPE- AR sgzﬁry? H%Sré?q ﬁ&%ﬁf’oaol em
when ajgnd DEdpper vARI SaseWiahB al A E Y& ade® nfdyde uséd, and
7B, t he@qug‘tl %urgﬁﬁymﬁﬁﬁngg&gxpﬁﬁned%ﬁ n .10 Fi gg.%)fl 7A?Iﬂgvi th an ygcﬁ i ptical
beam 7002, Agplsmiity ofiduc tkind 6f these/ BBdrsi g asplaraiiey of kintdseofdhesedbsars nsdydyn wi t h
an arrow in the drawing. Since this novenent is relative, either the

el liptical u$dam 7002 or the seniconductor film 7001 may be noved or both
may be noved. T ! S i 1 ecaniatel I t he
scanni ng speed It(:)if{ tﬁ]??ﬂ%‘g“nﬁﬂ%t@w? H %}%57)18%{{5}' s sl g@f“ﬁ’%é? |§! dpﬁieégg?gary
for the acbaneskipeatheal ivprotessodadtisalbsivantlead hyviagadocd loegtbrof 20imfd nity.
However, since when the sem conductor filmis scanned the sem conduct or
filmi30neidésanelliptivabiagean.r Speqfiedtt Rlasciboundhebliguely patescdinnthp §oBYfeed of
the sem conduct or_ fil m becones .| arnger nder an i pfl.ue of 2

accel erati%ﬁS gl?ggré)tcﬁssgﬂéfgogg?etnﬁg crlegﬁl%arl g?:%l i éls?r%eaesrbéﬁltq,lgrlntortglté%@%eéqueo t ake
an excessi N@sdift 06§ ittt tWIIE bE - explathed Swith ReRetdick 1 @NFid AN Inf kidipadsepn time
period (one 20 shown by a region of a scanning distance b in Fig. 7B; the
scanni ng sgepednent taaserbeamn exged trost alasdr osaillaton got iswctletted by iagmirtor 282per i od

L hes pr 6seIesterey T BieOnY e T ROt g Bl i daroast 30 DeHenAa0 ameipts of
cour se,no i 5 i - e t
con bo2t) nEPARIRANAES MG arllordubRa ity 0 Ao o I axbiRUGlaRER, O(1)

| ogari t hme3@imAeFdinfeddmss RnitdiriuEay &l in@04 Ajspake! dredeedurfacobeihglbmihated | og
L +log (b/V + 2V/g) Equation 3) is obtained. 30 Wien L is elimnated from
Equat i on 1ip paralleEyttthe ao)ex lgns 203p J hpugh poiyradintign efBeiencyyezn beggynggved A

Equation 4lgy further shortening the minor axis and thereby lengthening the major axis, since as a

length of the minor axis becomes shorter a focal depth becomes shallower, and a

30 uniform laser annealing becomes difficult to perform, the above sizes are considered
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is obtained. Here, Ais a constant (it is obvious fromA = -3.188 + log a).
In the above 5 equation, the variable L depends on an output (10 Win this
case), and when a mnor axis of the elliptical beamis set at a constant,
there is a substantial linear relationship. However, the variation of the
out put causes no difference in the neaning of the equation. Wen the out put
varies, only the constant term A of the equation varies. Accordingly, when
a scanning speed V that mnimzes the Equation 4) is obtained, it is 10
obvi ous t happropratever |aser outputs nay be, the obtained speed V makes a
time necessary for the |laser annealing the shortest. That is, the present

i nventi on provi Whsnithesepicopductenddm 20tbis sgrnaer om a fyreetinn ofthe miper axigok; t hat

ke t for | t. \Wen th t
ool ¢ el ieaD BT RS Y e toR GV M h BE1 Y RALIAH a1ty £ WipgTH'D o)
Equation 5)r ki ClfpRicMelednt) %x‘?nnsf éx¥ended A Meu;]tnh@dﬁéct}@n areNfoPie@ cldsenycar ry

out the | aser anneal ing nost efficiently, since the T need only 20 take the
| east val upackelieHdérbimafcr, ale mguﬁ) isi refeerpdatved a widtk 06 aflohg gveenl région. The
calculation, V = ( b/5 477 1/2 uat'on IS talne That is, the |aser
anneal i ng ?f%%’&%‘?ﬂcgo‘b’é e & ﬁ‘g?sgé?nn%) ge‘é’aorﬁgn“‘&/s‘?rﬁa‘i‘?cﬂ"ffaor mty

with the gﬂonelﬁﬁg\gle héa\‘/ Qsthfcﬁiﬂgsslb?%h %ngllhcgn 09 M?deofs (Feiﬂ%&%egpo thrhe s a

rectangul a ng a |ze 0 f'or i nstance, stantl a mm X 720

nm  Accor diHigin¢ss b 200088 andi teredh atrhe-snemharm@mgca)rtmleﬁm@ctﬁ 130 B 35 72) .
In an ordinary XY stage, since an acceleration is in the range of 10 to

1000 cm s2depaisied thyeusecek ther plasma @VDs mgghodat Fuftbermaret aln@eier 26 0mpeoen s2,
the V derived fromthe Equ t|on6 57 cnils s 10A,t hrough
10C shll 1 BRRATSAGROTF et AUt SeRRCOT R B gedin dbs Tisgr b Somisonaielir
anneal i ng iql aser
anneal i ng ﬁggééa&ﬁ]&g@%fth@g?apﬁﬁ%ﬁtgngt%P%g}lﬁ%%{@ gﬁ%’%@{ f{; 1olrlr’?e %gﬁ]th%{gﬁ%éw ce

t he scanni ngraplea@ndalim, Cid ahegtidnedmabbee Bguat senioh) oft KRelaied, At e r ange

surrounded by solid lines 5 in Figs. 10A through 10C, the | aser anneallng
can be ef f ¢uysiahizajion of thesgmaeanduptos film due tham %eWWub&meﬁomsﬂtlms or

oss, 1o SR CISESEIRaY B Bl ARBlABIR 072Gl e
V < 2 %5(9b/'5. 47i8) B 25 EAYR4gORhdWing relationship between a scanning speed of a
semiconductor film and an optimum laser output for crystallizing the semiconductor
film. A vertical axis shows the optimum laser output (unit: W), and a horizontal axis
shows the scanning speed of the semiconductor film (unit: cm/s). In the present
experiment, the maximum value of the scanning speed is 100 cm/s. From the graph, it
20 is found that there is a linear relationship between the scanning speed and the output.
For convenience of comparison with later experiments, from the graph shown in Fig. 3,
it is estimated that when the laser output is 10 W, the optimum scanning speed of the
semiconductor film is substantially 150 cm/s.
Fig. 4 shows an optical system in which a major axis of the elliptical beam is
25 further elongated. Thereby, an elliptical beam 406 having a major axis of 700 pum and
a minor axis of 30 um can be formed. In the present specification, in order to
standardizing experimental results, the minor axis of the elliptical beam is fixed at 30
um. A specific configuration of the optical system includes a laser oscillator 401, a
mirror 402 that deflects a light path to a vertical direction, a cylindrical lens 403 that

30 adjusts a length of the major axis of the elliptical beam and has a focal length of 150

5



10 Preferably, when the |aser annealing is carried out at the Vin the
range of substantially 90%to 110% of the scanning speed cal cul ated from
Equation 6), that is, in the range surrounded by the dashed lines in Figs.
10A through 10C, the | aser annealing can be performed in a tine
substantially the same as that of the shortest 15 annealing and as
efficiently as that. Accordingly, the |aser annealing may be carried out in
the range of 0.9 x (gbh/5.477)1/2 <V < 1.1 x (gh/5.477)1/2 Equation 8). 20
Al t hough t memsames colfindrival knb404 aha adjstsnmlehythusfetie atiaonvavis ané had/g fo@s 300
X 400 mm 550 x 650 mm (600 to 620 nm x 720 mm_ 730 x 920 mm 1000 x 1200
mm and 115dength 350 2fniniwh ail b6 e¢yliidsisalofensh 403 isstispesedi §2Q,gem abpee dhove
cal cul ation_can be a i Fur t her e | th h the cal culation,is.
condi ti one&erthoPa'éCtgﬂp ﬁl%?ﬁéa‘i‘“‘%‘h%ﬁ? Hﬁé”?i’é ?%'I‘S ‘@gﬂﬁ gégpf’ﬁcértasot tﬁ@??; 9<alpaint on
can be app'tlﬁé?é’oﬁ:ﬁafc&h@?@e &1 AR8ehlcdnlbitor BitA108S ,Thfleyligériédﬁ&%@é:%B 8nd
rect angul ar shape or a bobbin-like shape. In order t0 get a rectangul ar
beam for “A4nhadde semisoralnctoyfiml 4)Seare disposddaieopentidouldorty osadoptical axislef t o
obtain a bobbin-Iike beam for instance, aberration of a | ens can be used
to formit thegRFEPERBSCRI PTI ON OF THE DRAWNGS 30 Fig. 1 is a di agram for

form i ¢ fER _ - 9. 115 adiagramfor
oG ar am showi BB e 30 SeBRETTIN » dfingr AICRlAR bt e ' 3

graph showenipticl BdanPrsitive toehyVeahicbadRiorOfnPY0S5 andl sty thbdemR@ductbi - 4
is a diagram showi ng an exanple of a laser irradiation apparatus. 5 Fig. 5

is a di agr &ilmsHiSwisrgysialliesdrpsteteovhere] mseregion dviagiaowidippf2afyen ifithge 6 i s
a graph showi.ng rel ationshi p bet ween scanni.n eed and wi dth of | onger
gr ai n' ridgi BIOTHiRdirection a thsellipticel beaith gaian s I e eapRing ditesd

a9 e B O AR 15BN FRELEh s 3 S5 ' 2
showi ng rehad theriaserpubslt ieemMWscanni ng speed of el liptical beam and
processing time. Figs. 11A through 11C are sectional views show ng a
process for fabAncertiqal system where the major axis of the elliptical beam is further
elongated is shown in Fig. 5. Thereby, an elliptical beam 505 having a major axis of
15 2000 um and a minor axis of 30 ufn can be formed. A specific configuration of the
optical system includes a laser oscillator 501, a mirror 502 that deflects a light path
into a vertical direction, and a cylindrical lens 503 that adjusts a length of the minor
axis of the elliptical beam and has a focal length of 20 mm. The cylindrical lens 503 is
disposed so that a focal point may converge on the semiconductor film 504. The
20 cylindrical lens 503 and the semiconductor film 504 are disposed so as to be at a right
angle relative to the optical axis of the laser beam.
When the elliptical beam 505 is scanned in a minor axis direction of the
elliptical beam relative to the semiconductor film 504 to crystallize the semiconductor
_film 504, a state where, in a region having a width in the range of 600 to 800 um in the
25 major axis direction of the elliptical beam, grains elongated in the scanning direction
are closely packed can be formed. The optimum scanning speed at this time is 5 to 10
cm/s and the laser output is 10 W.
A series of experimental results are shown in a graph of Fig. 6. Specifically, Fig.

6 shows the relationship between the optimum scanning speed of the crystallization of

30 the semiconductor film and the width of the region of grains in the major axis direction

6



pi xel TFT and driver circuit TFT. 15 Figs. 12A through 12C are secti onal

vi ews showi ng a process for fabricating a pixel TFT and driver circuit TFT.
Fig. 13 is a sectional view showing a process for fabricating a pixel TFT
and driver circuit TFT. Fig. 14 is a top view showing a configuration of a
pi xel TFT. 20 Fig. 15 is a sectional view of an active matrix type liquid
crystal display device. Fig. 16 is a sectional schematic view of a driver
circuit and a pixel portion of a light-emtting device. Figs. 17A through
17F are di agtieroraledwlingicak begr esenlihs REECANPGE Gixedav 16 & .and Shd-vi®h ok 8A

t hrough 18D are di agranms showi ng exanpl es of sem conductor devices. Figs.
19A thr oughhel@tiptic@%dm@ satet 3hwwi A issadinplon sarget is theiafenethentionedieJi fibs .

Fi gs. 20A and. 20B _.are di a showi ng an, exanple of a crystalli ion 30
br ocess of TAVIE LOHAEE BF 170 P abkbo ItRg! 00 Chev D s SrEnAZRES Jaluntt
Figs. 21A by gle e CofllRRiams: iROMAA theabrAAPhLEs Shols BABId I Gkl o)
process of a sem conduct or 11 m accor di ng to the present 1nvention.

DESCRI PBl Obf Ghe Tblrg FAirkinEfigkin. EMVBREN bBMT SreS shidwip loane fult logarifinde ibt, tthe

Present Invention] For the inplenentation npde of the present invention, an
exanpl e whéflatippdip B@W%H?fégBF?fﬁ“@aﬁ‘fbﬁé“%bth’&aﬁ ciently carried out wll
be expl ai ned. Spgci f.i I LN. wWhi i I.S,; per fornmed at

t he speed of 1586}%’?711tgg\?\%lF%{orbsgfbelg%?’g?rln@gwﬁyé}ﬁgrg%?sde:‘?gﬁ(?g% ggt |“g. 1. A laser
oscillator 101 is a continuous wave type 10 WYV04 10 | aser. A non-linear
optical elenment is incorporated in a resonator, and second harnonics are
em tted thédveLrof.46% logser HEdN enEgtaibn h) a hori zontal direction fromthe

| aser oscillator 101 is deflected by a mrror 102 into a direction of 20
degr ee ¥rom a vertical direction. Thereafter, the | aser beamis conver ged
with a con - 103 i : 5 20 i in a
hori zont al ¥§’§<P%§?§b%g LQ@EP? %’ggt %’ggﬂ% aillﬁ]’g%ﬁ?%&%‘é%%f%rg%g?gg%ggg(r%(fjuct or
filmis di sizpogrith Lofeheslpaggthimiegiontanl that@T tiof schhging opadd Yaitarhady diffefent.onvex
| ens 103. Furthernore, the surface being illum nated 104 is disposed in
paral | el wiHaweves segevienit may deapeployedemapyn thay caps,ioply afonganinicHavinihe a

| ength of 500 um a wdt.h of 30 umcan be far . The, reason .for {he
beam beconEAJ:ER o PreuttsAitent» Aty SerflyoF e LIS i be°
"astignBti sy (hifiRe FBaRth BN for ahf9Rl=R8gA! i ng of the a-Si film having
a thickness of 150 nmw !l ‘be illustrated;, the fabrication process thereof

bei ng descri bedOnrthé bthes daiid, swhenfa tibehbéd¥arFor e MENTHgIN'shotvin ByhT,ST case,
a long grain region havi ngl a wdth of 150 umis formed. In order to closely
pack the sé&#t BoAERIESSA 25ifPllAWii t h t he | onger grain regions, 25 the
elliptical beam nust be noved by 150 umin the major axis direction
thereof, to repeat scanning the substrate. This novenent can be easily

perfornmed whew/BR«<XY/\st200g) S Ryuicyed. Wen a size of a sem conductor film
that is a target to be illumnated is 600 x 720 mm since a length of a

short <X0de of the substrate is 600 mm the entire surface of the substrate

can be | aser-anneal ed by, scanni ngq 4000, ti ne 2000 . I
where a ?s aqen th &mq: 7) ofo a shorter ssidé when the semiconductor film is

assumed to be rectangular, and b is a length (unit: cm) of a longer side when the

semiconductor film is assumed to be rectangular, and g is acceleration (unit: cm/s®)

necessary for the scanning speed to reach a velocity V). A factor 2 of the Equation 2)

25 denotes an acceleration period and a deceleration period. Since the units of the aand L

are unified, a/L is dimensionless. Accordingly, even in Equation 2), when all unit
systems are unified, the same result can be obtained.

When an entire surface of a semiconductor film formed on a rectangular

substrate is laser-annealed according to the present invention, it is obvious that when

30 the elliptical beam is scanned along a longer side of a rectangular substrate the laser
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30 tinmes reciprocating novenent) with the elliptical beam Further nore, at
this time, a 12 condi ti on where the scanning speed of 150 cnis is the
nost efficient speed, is, fromEquation 6), the case of g = substantially
1700 cm's2. It is understood that a stage that can be very efficiently
accelerated is necessary to be used. In Fig. 10A, relationship between the
time necessary for the | aser annealing and the scanning speed of the 5

sem conductor filmis shown. It is found that there is a m ni nrum val ue, and
a processi agndaling can be hiost éfficiently pstfbataht AathistiR€@0nsjor Axipbfiria!dlliptical

| aser oscillators may be used to inProVe a processing capacity. [Enbodi nent
1] 10 I n t heamisaspnged s asinkhin Paralad ity a shorien pige 06 th sulstrate. dykenshus

expl ai ned inathg '@phpqyn%giiono %%lon gne %rg enﬁ i ven%'on, a .case where
the scanni AYeMHe 14 WL of jinks of Biececpleratign Sod SPESIeraliofior e SspiyiBgean ¢ o
Fig. 8. A b@%ﬁde@ﬁ@léah@t&&(ﬁ@ﬁglﬁirﬁE&Ntho&‘npﬁ, itGs W MRd thA%EdenofesHOfHokREAN
optical elenment is incorporated’in a resonator, and second harnonics are
em t t ed5t heidebf @ rectdifglfandis dendbescantongartsidedheneofs Howewo,simde thie ceystal graid r om

the |l aser qscillator 801 is deflected by a mrrqor 802 into a vertical
di r ect i on. 99Y¥fdoRSANt EFcanping qicecHpn 9b the taserRsate el I RriscigRgular suhstiatsm wi t h

a cylindri . | focal. f. . e, WM th a
cylindri ca?eq\hlglﬁlg&g%%ogllegﬁ%ggg ‘%‘I@Rrﬁﬁ]&géﬁ@%}ﬁ {eﬁleldc?% %rf%§1&$§%@g& 1%lamnd
havi ng a f peaksdrgnitfe i9ho PPoblem wihtd 4 anes magasplace eRhveliged in a direction
20 that is perpendicular to the one direction and perpendicular to a

direction into Hateewithrefdrenasrto Fégam’pr sledlshe Equatidnadlew Bebaexplainegdri Fat ed
805 where a. seni conductaor fi i s di.sposed.is.dis e .a_posi ti.on of the
focal 9Bi nfisor ARt gtiptceh Peard 700308 SEinaatSP AR dobh i sEie i ihdos
having a | Wi - 30 D L
resent -entodtenthoddlitiuRatioR #Al Braing sy RNmRSERRAR delalile ifher o,
nmode of t heepilgs&ial bediy 6002 onthaBemicondindtontilan7@01Snay bt mavay bnboth rhdy bkness

of 150 nmis |laser-annealed will be illustrated. In this case, a long grain
regi on havineyed Wherehs e csssotipldifferense amang theser Jiaee phea thxswapnivgereethe

sem conductpr filmw.th t I er .grain regions ile noving.the

ot et oo obibs seiniRoshdol Ain RBYE 9BvCs PefPhaRSanh nBs ARG G be

el I'i ptijgal pgagnbstaRAGSERAS, Y BeRomeP BinityO FFAVel, Qirkke WRRGGhe SéHR0HHR@6E | ON
of the substrate. 13 “This novenent can be easily perfornmed when an XY
stage i s efiph ds/sdnnéthee samicangductor filmesrhoeschny toomaké taviprhedtingsmavémemget t o
be illumnated is 600 x 720 mMm since a I_en%tqh of a shorter sh&e of tpe
substrat e sthggeanpine snesd @b thersemiepndyetor Simbreomeplergestwndenan eluence o

| aser - anneal.e [ [ - L I B [ ement) 5
w th the ol Berocfl KRl W S of MIF Rkt BTerhéif, RUBEERENS TR e
scanni ng spaessiod pdtesding tinfe TheThapsd, iehidicioant aspeadidieaaims pstibd(emd i al |y
g = 190 cm s2 from Equation 6). At acceleration to this extent, the

subst r 30e gWwmly azegioy ofa seanaing distaneg b in Fige 7Bathsrseannisg speed; atghigdigsssar y
to process. one Sy strate is ZfGOg S Alpl urda(Igi t§ of aser, oosnciénzl1 alors nmay be
used to i nSroPERRDL? Lnest pfeeleralion e Peridr (Ong SHTWR 3¥ iesiqr O Sanalng,
enbodi ment gjslafcOF deFig 9BY N RALRedM Inhthb PeesahipBEBiBALicH) AHhSXAP itireA6d &xanpl e
where the scanning speed is set at 500 cm's will be explained with

ref erence 4 ocorstant, 8.is &f t@ges nopodtlémteyen $Oknitke g is afvnctionued time.e ln ypeh 10 W
YV04 15 | aser. non- | inear opt| caJn el enent is incorporated in a resonator,
and second®¥i&rsbiiad eéf@e'éﬁ?rta%‘harf @F@?’W&ﬁ? bﬁtieé?érasl?éé’ﬁlst@m'tted in a

hori zoptal dir L i r j flected by a mrror
902 intQ% a ver??%gﬁ?%cﬁfagfg?{l% gﬁ?(l)@%gegg??ﬁeér#@%aﬁignl ia{aérégglg’m is converged into
one direction with a cylindrical |ens 903 having a focal |length of 160 20
mm Furthernore, the |laser beamis converged with a cylindrical |ens 904

di sposed 1498 Trmleghi-rde dheleg(V¥dr2¥a) | ensEaodtianmd) having a focal length
of 20 mminto a direction perpendicular to the one direction and
perpendicular to a direction into which the | aser beam proceeds. The
surface bekpgdihddim nated 905 where the sem conductor filmis disposed is
di sposed at the focal point of the cylindrical |Iens 904. Thereby, an 25

el li ptgeal bearvAed I haeliminaed fogt Bqwtiod3) andnEgnatian 3, dt h of 30 hum can be
formed. In the present enbodi nent, an exanple where an a-Si filmhaving a

t hi ckness of 150 nm whose fabricating ngthod is described in the

i npl enentati on node of the present invention is |aser-annealed wll be
shown. In this case, a long grain region having a wwdth of 85 umis forned.
30 In order to closely pack the sem conductor filmwth the |onger grain
regions, 14



while nmoving the elliptical beamby 85 umin a major axis direction
thereof, the elliptical beamis necessary to repeat to scan to a | onger
side direction of the substrate. This novenent can be easily perforned when
an XY stage is enployed. Wien a size of a sem conductor filmthat is a
target to be illumnated is 600 x 720 mm since a 5 length of a shorter
side of the substrate is 600 mm the entire surface of the substrate can be
| aser - anneal ed by scanning 7000 tinmes with the elliptical beam

Furthernore, at this tinme, a condition where the scanning speed of 500 cn's
is the nost efficient speed bgcomes substantially g = 19000 cms2 based on
Equati on 6logfhadog 60/Vaccet &Y at i/8h*#Aur t HewaHPwHer “t han the exanpl e shown in
the inpl enentati on node of the present 10 invention is necessary. Since it
is a fairly higher acceleration, in this case, rather than noving the

sem conducfs@htfihddN Hére, ASs REEARAR Pt &s bisePRome=1-2988 +h8aR). Winlthe dbdWe I OF

or the like. Furthernore, at this tinme, a tinme for processSing one substrate
i s 14005s, equiatioh, ths vatbbledntle@dndy oorae dugghft (10AY imfhis hesedxadpd kenag oonali ng t o
the inplenmentation node of the present invention. On the other hand, since
the scanni HgS 8heFIHRIGHPEAT f3Ft £h? e@nstanty thegeds aghRstantprhinrardeltiopship:

| nerease rabge ol WE VIAARNN RO B HRthuc (AR AF FlBHcd LB ARINAY LRI 2

reduction rate cbrresponding to theé I ncrease rate scanni g speed. A
plurality Q{Ealiaﬁ.erWﬁéﬁ thd @utpliSvarias, belyuse GohSaht"iRFAVAE off thy oQesidnNGiries.
capacity. mbodi ment 3] 20 In Enmbodi nent 3, an exanple of the o

cryst al | i zAc¢asdingly, whenasehrmrongispeedrV thal miparizestheHqiations) ayobtaiaeddt iscal
system of the present invention will be described. wi.th reference ta Fig.
20, Fi i8t vioney thal “graleer Jesee quipuss ede D iyt GRaIngd et AL TBAKEF hjime

borosi | i Caﬁ&egﬂfﬁfﬁoﬁﬂglﬁgy%ﬂéﬂunﬁ a{eos%h%ﬁatﬁagiséafe, prascht BRtehabf pYhligdy has

an insul ating m on t surtace such as a quartz substrate, a silicon
subst r at e, tha Vreiad maked e Bleation 49tsaiatlbstisor tigbs thaatan make thxetins edcassay
substrate 20. The substrate 20 may be a plastic substrate having a heat

resi st ancefos lgser apnegting ghergest-nst t he processing tenperature in this

enbodi ment. Ne a . base film21 nade of an.insul ati filmsuch as silicon
oxi de film 30 Whef %ﬁé%‘iat‘?f‘g‘él%?‘?%{“éﬁ&daw‘é‘i‘ FRY t‘2>>3€/nitri de filmis
forned gn the substrate 20. In this 15 enbodi ment, a single |ayer
structure is used for the base film21. However, a structure may be used
where a tv@ogﬂ)’rmf(é’)l(é;ﬂé’ﬂég#bwﬁ)are st dixjuedon bn t hi s enbodi nent, a silicon
oxynitride film (conpositional ratio: Si =32 % O=59 % N=7 %and H =
2 99 with a thickness of 110 nmis forned by the plasna CVD net hod. 5 Next,
a sem con g S f he base film 21. The sem conduct or

| ayer 22 ﬁ%g%géW%ﬁdﬁ%?%@gf%ﬁf@ﬁﬁggg 0 i25 to 200 nm (preferably 30 to 150
nm by publi cl yinkadsnoreirh@at (eUateraanédlimgapolt teéfidiagl yreinke the T REMDonlyt hod
and plasma CVD nethod?, and the sem conductor film22 is crystallized by
publ i cPY Kabwhedeyss valuei when 8i¢ Fauaton 5) snravated ta zerostollowed &y galquiationgn

nmet hod, a thermal 10 crystallization nmethod using RTA or a furnace
annealing and a thermal crystallization nmethod using a netal el enment
facilitating (Bps g7pStallizat Egmkionsy the sem conductor films, there are an
anor phous seniconductor film a mcrocrystalline sem conductor film and a
crystalline sem conductor film a conpound sem conductor film having an
anorphous,sthucture such as an anor phous silicone%ginani mfilmal so.can be

appl i ed 158 CRinedy Thaf i5, the; lases appehlingmeed pplydiceraening oHth By scanigesPeed f or m

an anD§§h0y§n?ﬁh5ﬁgﬂ%ghhpﬁé§§¥@ﬁbﬁgick. After the dehydrogenation is

perfornmed on I'S andr phous rcon"film(at 500 C for 3 hours), the |aser
crystallizati oA setidn@ck isedpririnall el tHeoprbdaetidnhignecisestealahguier ond hadnghi [ m A
continuous oscillation type [aser such as an excinmer |aser and YAG | aser,
20 YV04 | aszsrof, farfinstanes; substnolly 98 mm ¢ ‘Gékmim siecordigply, thedergerpide of
sapphire | aser can be used for t | aser cryst i.zation nethod. en these
| asers ar éﬁ%eé:&a,n ¢ %f%BBnq%OMFEﬁ)t ﬁ'baq %@ %ggrﬁt%gﬁ’?]tngﬁa? P%ﬁ%?eéa%onngi nuous
| aser Osc'ihltfﬁkﬁge'ﬁ RPRARRREANARY iifer BeNRY¥QeARoR Y i RECatS hdPRs@hcd 250

rect angul ar shape by an optical systemand the | aser beam t hereof

i1l um p@t esnthehawatepived srosn tHedbquatioh i6) becores Sdoptsed. The crystal i zation
25 conditions are suitably selected by an operator. In this enbodi nent, the
| aser crystallization is perforned in accordance with exanples shown in

| mpl enent ati on nodes and Enbodinent 1 and 2 of the present invention. Since
crystal grains in large size are fornmed in the crystalline sem conductor
film 23 obtained as described above, it is possible to reduce the nunber of
crystal 30 boundaries which are may be included in the channel formation
region by 16 manufacturing T'FTs with the sem conductor film Besides,

oy . 4= T 1



possible to extrenely decrease the nunber of tines when a carrier crosses
the crystal grain boundaries, therefore, it also becones possible to reduce
fluctuation in an on current value (value of drain current flow ng when a
TFT is in an on state), an off current value (value of drain current
flowng when a TFT is in an off state), a threshold 10 voltage, an S val ue,
and a field effect nobility. The electric characteristics also are

i nproved. [Enbodinment 4] In this enbodi nent, another nethod of obtaining
the crystallizaFigen (X thtsugeroC sl tfonkhipBeWndenlthé m@ipefion abtesk4r9ut he
one shown in Enbodinment 3 wll be described with reference to Fig. 21. As a
sem conducthgrlasarappealingtandithe paangingspeetbeiphe semisionileasor filnh.nWhendghe tased out
in accordance with Enmbodi nent 3. A netal contajning layer 31 js forped by
it 1 ot ng. el ds R ULdr i VabAis ubRatiath e B Fuite b acaaptne o
7- 183540, &bealy BllclatcAGtdtRind EARHERE), thit BShA! ARLe LIRNARRA b) U8lid lines
crystallinity of sem conductor filmis 1nproved by the laser anneal i ng

met hod. 5| nirERigediOvenlirodgh 400 thedhseaaahedlmgagn deetfisiohtly carmie wat ¢hh time
converting concentration: 5 ppmvolune; 10 m) is applied onto the surface
of the senthabisgybstantizlly b3 fynes o kese tttimgynecsssanefas e shargstlpser aarealingat nent
(at S00C f Qr.cd oMY 1 lasPO0Gel o 22d B cheficBSL! T AEdO dehe

sem conduct’§f PP1 ’ @% RGO Y, 1 ac&8rqance™ W't A é%a&ples shown in

| mpl enent ati on nodes and Enbodi nents 1 and 2, the crystallinity of the

sem conductor filmis inproved by the | aser annealing nethod. As described
above, si ngb/SAWPEFE «Wth2 o (ghbt5d7)HI ns obt &igoeton 7). Enbodi ment 3, crystal
gai ns obtained by performng crystallization utilizing the 30 present

i nventil8n on the seniconductor filmis in a larger size, it is possible to
reduce 17 t hey,n [ I I i e . i ncl ud in

t he channel foﬁﬁg‘?%ﬁyTgéF%ﬁm%&%ﬁﬁgﬁ%%gs H?%awgﬁfgn%ﬁﬁﬁgﬁﬁéggg%f%]edﬁgtor

film Besig@stansihllg 909 M0gsIaf the s¥Sindhg §Fcdl RakURSddeRbhaEduitibAS),hat is,
crystallinity regarded as nonocrystal; 1t is possible to achieve a high

mobi | ity (ini dledrangé sotronnddd by ythe dgskeld tinesoin Higsafl@A threught hOE, tfe hase
transi stor enpl.oyi ng,a nonocrystal .sem conductor. Further, since.the

bt ai nod CISALRY GRaPEUEEREN B AGIRE HOSEHA e cembres et b HEcbrEre o
extrengky e finbd LEd-EfF H%srg st al
gr ai nnggun%gﬁ?ggg%tlig?g?or e, yi%tg%ﬂégg E%dgﬁﬁﬁggé{)@sa?%%gntg% e E)(]:EQ? fift;r{:e%ﬂuati on
in an on coutrignhe raageiof an of f current value, a threshold voltage, an S

value, and a field effect 10 nobility. The electric characteristics al so
are inproved remarkably. (Enbodinent 5) In this enbodi nent, a method of

manuf act ur j I.Y/e tri upst @ W LI be described with reference
to Figs. 1q6%o€g%ﬁ£&%)suﬁs Fa]t'iéxzﬁgéﬁ{@h a Ckfbgaté(ﬂ uit, a 15 driving

circuit, and a pixel portion having a pixel TFT and a storage capacitor are
formed together is called active matrix substrate for convenience. First of
all, a28ubst r atAlth@Ehithe siees affthgubstatssnormadl yomed are viaoioos suchaa B0 gl499s and

al um num borosi licate glass is _used. i hi s odj ment . e strate 400

may be & OS2 i [0S0kl e dahdihat D B20neva1 bl e FAl s

st ai nl ess Hhi, ' t [ t helNE

substrate ang(gg a p@aates‘t?a?gi%u f??er g‘%%%%vl:s ﬁgﬁ élgetr%@gse iclsafcgﬁig%?ac\%ﬁibg h

wi t hst andsapplipd oFeshéeratré,cilihetgl theealculdtivhds esrddiornedon. théNelipticd Beameitl i | m

401 having an insulating filmsuch as silicon oxide film silicon nitride

film and 18 oficopeserthexihaicalquinsion; qam hesappdierrdel aovhaphelosese thist siches, fam this

gm? 82!{ g?gtihSt%n(t:fy,u?l_ré(§XI$éulésrtSngé grraeb()lb%ianiﬁg slIa%%. }nhgrdgraéoegei 4 lrcrgtélogzllilarlﬁigg\feﬁyer @
for instance, a slab type laser oscillator can be used. In order to obtain a bobbin-like

beam, for instance, aberration of a lens can be used to form it.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Fig. 1 is a diagram for explaining an implementation mode of the present
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25 may be used where a single layer film which is the insulating film
itself, or at least two |ayers are stacked. As a first |ayer of the base
film401, a silicon oxynitride film40la is formed 10 to 200 nm (preferably
50 to 100 nmthick by using SiH4, NH3 and N20 as a reaction gas in
accordance wth the plasma CVD nethod. In this enbodinment, a silicon
oxynitride film40la (conpositional ratio: Si =32 % O=27 %9 N=24 %
and 30 H= 17 %9 was fornmed with a thickness of 50 nm Next, as a second

| ayer of t hevehdsr. 18 film401, a silicon oxynitride film401lb is formed
with a thickness of 50 to 200 nm (preferably 100 to 150 nm by using Si H4
and N20 as a reHi 2dhagingram shevberarecamile pf 2 ksepirmdipionvppagtusod. I n this

enbodi nent, a siligon oxynitride fil.mA401 conpositional ratia: Si = 32 %
02505 v 2 7Rl 3o BBk el Bhitie Re R PR R @R R e bt et
a sem conduct or pfd Uy b 9ide@4BHOR el dheexaaiite bf 4 MselFrfadtatigh aah!matuts.he

sem conductor fil'mis formed with a thickness of 25 to 200 hm (preferably
30 to 150nm byFg. pubhididgyark sbowmingeinhoumpieicha bsert inadmpiohtapparamsiret hod,
LPCVD met hod and, pl asma CVD et hod) . Then the sem conductor filmis

crystal l'i zed byF®- Suis|a graph showingiielatiopship between sprnmingnipged andvidth phser
crystallizati 0 thermal crystallization nethod using RTA or a
furnace an@ﬁ?ﬁ{;ﬁé&&g‘%’her mal crystallization nethod using a netal el enent
facilitating thpigsrystal7iBzat dgrams shovddir coRditioR St la§driankenimp.
crystallization nmethod can be conbined and used for the crystallization.
The sem conduct Big. Bii$ andingyarh dotexplaipimglulodmenicbnductor film a fine

crystal 15 sem gondquctaqr filmor a.cry | 1j.ne sem conductor film

Al terndfivel y, Wegé%ﬂﬁ%ﬁﬂﬁ??roerxp? IPWS?F&Sa}b(HJé mcﬁrrpound sem conductor film
havi ng an anor S r e C Ry St s M film

As a | aser usi Egl%?'nlgéem?%%r 1(§:érilygs}% %ﬁ?@zgatl oﬁﬂgreq;éﬁ(glgbgqlﬁ Odlké‘ggéﬂ?égrngﬁée to

use a soli sheptiafellipial beatn @@ ploeésing thea Metal [aser of continuous

oscillation. It _should be 20 noted that as the foregoing solid state |aser,
YAG | aser, YVO4FigasEA thypweh b pre seatioml [vieves shoyling 8 preeess forrfgbsicdtingey |

al exandrite.| fa.fgi, ﬁi . sag. hi.{] FJ&aser or the Iike of continuous oscillation
or are |isP¥§, an éirlfVSF 15%1 g as | aser, exciner |aser, Ar laser, Kr
llaser, 1602 | asepjgor1 A ehrbhME12E afORHONA WSS owing b PRo@kE fdrl fabBEhtingnd as
the foregoing netal |aser, heliumcadm um | aser, copper vapor |aser, gold
vapor | asepixah@FThedIdriver cirai@BFT.i sted. I n this enbodi ment, plasma CVD

met hod is used to forman anmorphous silicon filmwth a thickness_of 150 nm
and then the th&gmdd l%wgfftwnna[ yigW WG RJUOLRSH ey frerigptinga ePehdhtlsandani ch
pronote cr | ] 1 ion, and | aser crystallization nethod are used for the
anor phous éﬁf%céé}r@?ﬁ%n Ni ckel 1s used as a netal elenent, and 30 is

i ntroduced ont oFighes andfophoess sBdwingancdnifigitdionafaqlikéliTHT.coat i ng met hod.
Then heat 19 treatnent is conducted at 500 C for five hour, whereby

obt ai ni2Ag a fi ri&ig. bY ipstsgrlionad view plcamactive matisy bpedigpid ¢rystat displazislevicbeam

shot froma cont.i nuous oscill.atjon YVQ4 |aser.with autput 10, Wis cqnverted
"nto the second i Ghir AT REH ERSIERE BT AGHI e GHFD BRY & BPCeL PRI L
then a elljipge sianeddaser beamis formed and 5 illum nated by the optical
systens shown in Figs. 1, 8 and 9 in accordance with Enbodi nents and

Enbodi nents | dfigs.2]17Ahhraiph OUF aireidiggrams eshowing eyanplek i ofesaniconductdrn | m
I[l'lum nating. the | aser beamto the first crystalline silicon film and
changi ng t$&1965r st crystalline silicon filmto.the second crystalline

silicogefilmi % S | j i t S | ] iJicon
fiim & this norenfeAabstietody S dterds Wiaie R Erh BB T0
cn?) is nedRs&Rry for the energy density. The stage is relatively noved to
the | aser beam at a speed of about 0.5 to 2000 cnm's, and it il]lum nates,
and then the crEiSQ-alﬁ?n‘frtér(Bighi Y ¢ |diagram phaweng ekamples s, seamichodigtora TFT
can be for(geed by using the first crystalline silicon film it is preferable
that the s€¢&fS crystalline silicon filmis used to formthe TFT 15 since
the second crysiad |4 gl 1 id;i i PLAV, ki 4

el ectric char aﬁlgér'i %@?c@uo?w}%& grligr?@r%r%\ggléﬁgaégr&?r@%?gg% C?Ht Agﬁ%ﬁﬁ when
TFT i s36 orprecesbwf asemdicdndectbt fikh accotdingl tbithepss¢ntdovertionm a nobility is

al nrost 300 cn®2/Vs, when TFT is forned by using the second crystalline
silicon film the nmobility is extrenel yi1i nproved with about 500 to 600
cn2/Vs. 20 The anorphous silicon filmis crystallized by using a netal

el enent



facilitating the crystallization in this enbodi ment. Therefore, the netal
el ement renmains the crystalline silicon film The netal elenent is renoved
as follows: First of all, an anorphous silicon film50 to 100 nmthick is
formed on the crystalline silicon film Then, thermal processing (such as
RTA nmet hod or thermal annealing using an 25 annealing furnace) is perforned
thereon. Then, the netal elenent is diffused in the anorphous silicon film
and the anor phOE@s S21A eoP1 @ ard diage” shyw Rigthi oxgmpld &ffa &nlyahmgn@lﬁ pERES! Ng.
Thus, the netal elenment contained in the crystalline silicon filmcan be
reduced or of @ aepiwendmipr filn eecaading ity thenpresenb YGAEOf an i npurity el enent
(boron or 30 phosphorous) may be perfornmed after form ng the sem conductor
| ayers 402 to 406 in 20 order to control a TFT threshold value. A gate
insul ating film 407 phssERIMEGN O THE PREFEREDEMBUIIMENTSOr | ayers 402
to 406. The gate insulating T1Tm407 1s forned by an insulating film

cont ai nsng[Isipl¢mentatios Maletdfitok ResentdhveiBionp 150 nm usi ng pl asma CVD or
sputtering. In this 5 enbodinent, a silicon oxynitride f|In1(conp05|t|onaI
ratio: Si = 32 bgr theimplemgntagion modg gf therpresent spveRtionap examplegviliere fifess of

110 nmis S I o)

course not agf%ggﬁ?gk% Q?ngo%f?giggﬁ?tc?ﬁgﬁ (gl?lkﬁ%l bgﬁgbﬁﬁleﬁg slfﬂr?ém ﬁy nJgn films
cont ai ni NGegdrhple GR WHYh BeanaiRdisi ferRrhkaat el s;p)é@d 0P150 Rmis Wallibe adxipiined.
structure. 10 Further, if a silicon oxide Imis used, it can be forned

by pl asma @b referénse toFig la miastumsezllbﬂorTEIlBS @tenmwhwav@ﬁmﬂ)b@Wb’M@) and
2, at a reaction IPressure of 40 (?strate te Iggure set

from 388 tBS900-E,HOBINGRY %Rgceha}eg?% létmﬁorﬁPﬁ‘ﬁe L EROYOR 3 Shpa

el ectric p onS&NSL bhi® ﬁ)xeféf 0.8 WcenR. Good characteri stl Cs as a gate
i nsul ati ng m can be o ta| ne )y subsequently 15 performing thermal
anneal i ng, at batlusee bedfEnsintdd 30 Q-Horizohtal decioni feamn thxlader didillatbhudl is
manuf actured. A first conductive film 408 having a filmthickness of 20 to
100 nm anddeflestasohy acomuor 03 dntoj 2 mmg@omaﬁﬂﬁgde@rch frem A vektiea dirpctiono t o

400 nm are then.fo d apd | am nat ed onthe at.in The
first condbREFeteer {hlgﬁ?sfﬁ MISFOIYETEF¢ Siith 2 GPQ EPﬁ?ﬁyb?‘ﬂgg f?‘ia:l E%"ﬁﬁ] W ness
of 30 BB aplyifGnd B Béiedq%%ﬁfzbml Eirééﬁoﬁo%sm@ bEﬁfgmlamYMa‘téd miwe&g a
filmthi ckness of 370 nmare forned and | amnated in this enbodi nent. The
TaN fil m i s sémicoadudtyr §iatis elispoged sndispgrad tag i pogitism faf tha foaalgmiini ef the
performed in a nltra%en atm)sphere Further, the Wfilmis formnmed

sput t er i ngcUYERGens W ar faith ermQre, P tSuBHICe tbﬁE‘gV\‘/”f”i“PPr?tE‘éhmél §od’l§%°51£3r‘ﬁ‘ed by
therml CvV argﬁélh\’g(?h '(g‘gwgé etngrl@ééﬁ?lﬁ%%?ﬁrlméiﬁéﬁ&? b@%ﬂﬁ@aw gﬂs Nt 5’»0%) used,

it is nece saryto e conme Towre ta ce in order
to use it @m andgavritiebesy ﬁmd&n b@iermdd. i Bhefit ot fatthe befratbethiingemi dlipse ty of
the Wfilmbe nade | ess than 20, uSZcm The |ow resi stance of the Wfil mcan

be achP@veld B swéicesadping ilhrénigatzé isf dueh o @sygmalisngyr aflgse, MowBveFamMBlhen t he

Wfilmcontains a Iar i pur ele such e he
crystalli ;lgf‘?roawnlegh% Hﬁl%sté 1n§ha b’é(%i(élggs? £§0 S s l:%i:%l%%é{égr chengl Y,
in this enpeacifsH procB® thédeok 'Ehing d%%cnbefd%rmel sbotidnhsr “SUMMARYIOFETHEd
using high purity ?purlty of 99.9999 %9 Wtarget and by taking the

prevent i oNNNWWENTIONS| dn tinf casmpuﬂoﬁgygrhmasgmmhapmg Ppwakke ol w50 poy istferrhed.m
formng into speci aI conS|derat|on Thus, the_resistivity of 9 to 20 p.S2cm
can be achi eved? %daidocrlesely pagk the sgriqondugtpy Him @GﬁU@Eth’i‘/%ﬁrfﬁr‘l“ﬁﬂﬁé‘Q“?’s TaN

and t hgs Set‘l;lgr},ﬂlptlcal beam must be moved by 150 um in the major axis direction thereof, to

repeat scanning the substrate. This movement can be easily performed when an XY
stage is employed. When a size of a semiconductor film that is a target to be
illuminated is 600 x 720 mm, since a length of a short side of the substrate is 600 mm,
the entire surface of the substrate can be laser-annealed by scanning 4000 times (2000

30 times reciprocating movement) with the elliptical beam. Furthevnore, at this time, a
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conductive film409 is Win this enbodi nent, there are no particul ar
limtations placed on the conductive filnms. The first conductive film 408
and the second conductive film 409 may al so be formed from an el enent
selected fromthe group consisting of Ta, W Ti, M, A, Cu, O and Nd, or
froman alloy material having one of these elenents as 10 its main
constituent, or froma chem cal conpound of these elenents. Further, a

sem conductor film typically a polycrystalline silicon film into which an
i mpurity et@Rfién shek @e sehafpd eperdsofi 1I50dapeds MRymasisdfibienugRed, RSfreRYy an
AgPdCu all oy. A combination of the first conductive filmforned by a

t ant al um (Eayation 6y, tedashe! gesobtantiiyudODea)/s’t IInsfunderstpoythat astage thet a
conmbi nation of the fj.rst conductive filmfornmed 15 by a titan nitride (Ti N)
ond the seburee KON AERULT ARl aeesars o9 BF i ol Bigo AT repidshipnG
first condpghieye thi imd RECRGPHoR A lisd! WRdalihg 148 thd abindihg Rpeddof bR
second conductive filmforned by an Al film or a conbination of the first
conduct pvesdmiconduterefilhyis sshbent altuin foundittdet (hEadN)s Bimmimoc vhmesesdrad
conductive filmfornmed by a Cu filmis_ possible. 20 Masks 410 to 415 are
for med nexPrOEewSiAg WaE at thistimg isubpiantdalix 2R sapghplusdlity 0f lasgrepcillaters spay

et ching propcess ,i.s_perfor i.f..0 .to formelectrodes and wirings. The
first etchlengjse;%)irt(%%@glvﬁgaE;g)g%gesp\‘go#aﬁgét#'n accordance with first and second
etching conditions (Fig. 11B). An ICP (Inductively Coupled Plasma) etching
method is used as a first etching condition in this enbodi nent. A gas

m xt ure of [Hoeodi@eat 1and 25 OZ is used as an etching gas, the gas fl ow
rates are set to 25: 25: 10 (sccm, respectively, . | asma | s ner at ed by
Gapptyihg & sodMRRRrEen RPABEEEIneHEr b sttt by Bl SRl et ode

2t 2, PresstSeflonlorRiodELE e dedcht ASELAITEusdAyhaR M EFarblh SBeiE)

electric power i1s also applie e subsStrate s

t her eby apgh %i 5Wcrd/sswitisteadxiplahdd/wiik getbieviee BFiE- $i AgasebbiciliRor JhieisWEW m i s
etched under the 30 first etching conditions, and the edge portion of the
first condiypeilQ&V AV laser. whdenlineapoptical elgmeapisrineprporaps. In Biyesaaatdsi ang
conditions are ghan ed to a.ﬁgf?pdfetching condition w thout renoving the
masks 410 166029 Ba Cpre cpuftet et i xt ure of CF4 and A2 is used as an
et chingsgas, thg 1435 hEAAWMiAb& s 8 1erig6htal QirdPonIFork SHE her SRAPRGL 8OLlY, 2
plasma I1s 5 generated by applying a 500 WRF (13.56 MHz) electric power to
a coil shagefleeteicby @admiabdr 80Pristesavertifal Hietiormnd heteaftenghe dagperfeamnisd f or

approxi mately 30 seconds., A 20 WRF (13.56 MHz) electric_power is also
suppl i ed tePnivREzed pongdiragiign Wihagylndrcaltops 80R daging aigsal lepgthpf 150

substanti al | e i f - hi Vol - i . T fil. are
bot h etchéan%fﬂgn %ﬁ%ﬁggﬁgl%ﬁ%gﬁﬂﬁﬁi%ﬁe §E§5ﬁ8¥éggﬁﬁkggg8hgﬁFi ngdhgghg 10
the gas mphsi8@3 aid Kdvingn el RngiNUfROtdmal the Naseebedm RGohlefgedtya bivedtivar eased
on the v order of 10 to 20%in order to performetching such that no

resi du@0r ethal isspespendirularaodhe poedirectinn 41d parpeheulpotord disection infewhighst

ducti I dth d duct. . de i.nt t d
shape i n 26 BHGHREAN pratReds o ayreacebegie Iominde T80T wher dssprireniupir T 1
substrate i§icqgaé>spd miﬁgagedt hvea ?Bﬁ%ﬁ dAftht WScdl %%rft%%@ kslindiita0kLSs 8o4h the

above-nentioned first etching condition. The angle of the tapered portions

i s from 15Thieveckhh an eHiptichl edaap@0ciavingd jengthl 760 pudtdnd 4 widdR 8f 8O wnstan be
conductive layers 417a to 422a, and second conductive |ayers 417h tq 422b)

are thus floFmeé friBmthhepresant cubpdimanty én| SyaPRICatRlt e deeedifd dBnthfcti ve
| aYerSoBY iiSerhbddtiof gl gk BlOGiESsn ifEhBOANER @0 RNATLAL sHifinlfRGhes 2
attirng frlI'my an ed by the S uctive

gate insul regi ons not cover first ape co
layers 417%hicknés2oOESPAR {shhsbrnndled MAN B¢l iM@LeAtyd.2n s 2dsd)M lohf qirgin

et chi ng.
region having a width of 250 nm is formed.
In order to closely pack the semiconductor film with the longer grain regions,
while moving the elliptical beam by 250 pm in a major axis direction thereof, the

30 elliptical beam is necessary to repeat to scan to a longer side direction of the substrate.
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A second etching process is then performed wi thout renoving the masks nade
. of resist (Fig. 11C). Here, Wfilmis selectively etched by using CF4,
Cl2, and OZ for 25 the etching gas. At this time, the second conductive

| ayers 428b to 433b are fornmed by the second etching process. On the other
hand, the first conductive |layers 417a to 422a are hardly etched and the
second shape conductive |layers 428 to 433 are fornmed. A first doping
process is then perfornmed without renoving the masks nade of resist and the
sem conducThis theweatient Sa@blel eakilypeirfoemdpieh ay XY engeis sttiplohed. "PdichS stk
n-type at a | ow concentration. The doping process nay be performed by ion
dopi ng 23 of awseminenductop filinphatcisi piprgatttadg. illpeinaieshisn®0 ¥ 728rmox sindewd t h
process copndi ki gns i n whigch age. is~set from.l x 1013 .tp 5 x 104
Penp. - and et S pidhit M o Pe siRtaRSin shogh s ¥R PurtBh bl Seifly 1
perforned idh bdisseamrdldaesy sé%nhﬁlgtmm%@sg@z@@tmﬁ& rbeiprocatiflg Indveifeontpnd
the accel eration voltage set to 60 keV. An el enent belonging to 5 the group
15, typbcawith thbedjtmabbsani.P)FustheensenaicthisAtine; 8 cosditionswvizare ithgseanning

el enment which inparts ype. PhosphorOt(Jii)ﬁéP)ei s.used here. In thjs case

n- !
The conductResd of B)erys i2be MyseBoidt oes peshes RORARULICEE 199 WHE AR | ¢ y
el ement why | rt - UCE vt i .\ { O 3to
327 are T oLiuild; Al afoddRRof RANC R the sTRkalc B bERMEY Seah B, PO
i nparts n-{igeeaipsocddéiag tine héRsdaiPts ptotessLeieOfibsda3 it d68@ €. 1A phirahty of
concentration in a range of 1 x 101g to 1 x 102 /cnB. Next, after renoving
t he masks leaefeoseillatars imay, bawssd v dRBro¥g 4 procesgiga capagty- of resist are formed,
and thﬁ second dopi ng process is performed in higher accel eration voltage
than tH8 first dopi ng process. lon doping is perforned with process
condi ti ons rgR kgLt e dosage is set from1l x 1013 to 1 x 10'5 /cn2, and
t he accel ellatl on voltage is 15 set between 60 to 120 keV: The doping
process is per flar iedpRyentsémbodihng emoordet am diotipave widy elies afci8mehtontd2b as
masks and the sem conductor |ayer under the tapered portion of the first

conduct i veeXaayde, dnsexadeple where Hie soapringispeed ismshat S¢hamynwdl S pxplagned

acceleration,voltage.is.laowered tha h econd dopi n roces hird
dopi ng pr o‘éﬂgyﬂege Sﬁ%?‘g_aﬁd‘btf? ersqsﬁﬁ]@tt%? Oailﬁ?cﬁl_ﬁtbf"ﬁél_s g@tegi%(?@dﬁ) %ﬂ%@dpi ng
met hod 120 jaSerPerd QlomBishast td/ptiraapemn@q@dh&é@&ﬁtdm;m sddohiner, IARAGECInY Set
from1l x 1015 to 1 x 101' /cnR, and the acceleration voltage is set between
50 to 100 heemobiow acoaméttedrtheiefmom.npurity regi ons 436, 442 and 448

overl apping wt

ol amont  whi ch A HiSST P Eiied 4 § RPHEOMA! Bsssgendrom R barer ey oG d0%51014
0 oens SR ) Mo OB ST R G2 SR
added to tdumvergedrinfoyorr! direetibn with & bylimdiidal Eng-909 havinigtaiooalt lergthasfa®0of t he
density of 1 x 1019 to 5 x 10Z' /cn®. i
20 mm. Furthermore, the laser beam is converged with a cylindrical lens 904 disposed
140 mm behind the cylindrical lens 903 and having a focal length of 20 mm into a
direction perpendicular to the one direction and perpendicular to a direction into which
the laser beam proceeds. The surface being illuminated 905 where the semiconductor
film is disposed is disposed at the focal point of the cylindrical lens 904. Thereby, an
25 elliptical beam 906 having a length of 250 um and a width of 30 um can be formed. In
the present embodiment, an example where an a-Si film having a thickness of 150 nm
whose fabricating method is described in the implementation mode of the present
invention is laser-annealed will be shown. In this case, a long grain region having a

width of 85 pm is formed.

30 In order to closely pack the semiconductor film with the longer grain regions,
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O course, the second doping process and the third doping process can be
one-tinme doping processes by making it to a suitable accel eration voltage
and it is also 30 possible to formthe | ow concentration inpurity region
and high concentration 24 inmpurity region. Next, after renoving the masks
made of resist, new nmasks 450a to 450c nmade fromresist are forned and the
fourth doping process is perfornmed. Inpurity regions 453, 454, 459 and 460,
to which an inpurity el ement which inparting a conductivity 5 type opposite
to that of whie ABEME MBLIGHNAYBehml by 85YRR ihSa AGGIdaxid ErebQoARREIESY, the
accordance wth the fourth doping process in the sem conductor filns which
becone act ellipticalytmram isfnetéseany-ta hepeatio scyp o Johger sitedseniondf¢bnslbstratee

| ayers 429 .to 432b are used .as sks with r ect to the inpurity el enent,
and an irrpa‘lhfstlyoié‘f’%?fﬁﬁ?n&ﬁieefﬂﬁ? %ng’r’%dﬁ‘frte?ﬁ@e}ggﬁ&&&‘? enPPYrd: XRFER 118 f or m
the inpuri reqi: I asehf-allghi | { OPHy regi.ons
453, 454, oL 3/ SRy bldr g”?‘ogrhf‘feg %5“"’?‘2%%’&‘.@?8“%%?38%‘%. ng 0k sifte a?|32H6)
in thissenhagiireni skdrtd.side2d)the Shisst@enisGHOANLT, die drajreksrficr off the Gubgratdie
n-channel type TFT are covered with the masks 450a to 450c made of resist
when the feunrbhlagerpimgaled by seanning HXOtinesawith heedlitinabbean.sFurtheeniors, at
different gancentratiops into the inpurity,regions 439, 447 and 448 by the
(irst to t R Boopeytaen Hherdbe sennpiganset of 20 Samrs Mikmest abiisny seeeh ¢ nat
the concenpg g andbihligiy BRURbhY0 SriramedVdh G alBR'd: STRa! XPEc RS 1 Vi ty
beconmes from1 éxg' 10 3 to )'Sggulog? at ons/ C%B P?\é}l r?e respec?i ve ?%83@0%@, no
probl ems déureHeprhigherrthka mige txempleghowa ihuwhe timplensentstinn mede efi thapresedt dr ai n

regi ons of the p-channel type TFT. The inppurity regions are thus formed in
t he redifecHIVgBliQR ifi RESATABE orineel &t & faitly highepacdelcapison, in tHs eapghrathr shasoi nt .
A first interlayer insulating.fil.m4 1.s.for nex frer .reppving the
sk 4500 O EAGE sBRnG pemlrt Ol Hidreldbiq QRS PRGBS P ARG ot ',

461 is forpRrdidel mmerm&%yétaﬁismﬁ;e‘,bltimecmbadcem% Sthd dubSitate RAVAON, &hich
t hi ckness of 100 to 200 nm by using _ plasma CVD nmethod or sputtering

met hod. A Bisubstentialkyond halfithaf of thelcauinply accéflingiocthn empleafentB®nmodesof or med
by plasma CVD nethod in this enbodi prent., The first, inter]ayer insulating
filmael i thegresentmyention. Onthe ather Bangd, sinc thpscanyige speulis Mo thalres her

i nsul at,icng,:f 1 0 DL Ng..si| i S i e lLaver or
a1 am gt | ies PR Bl PR B Bt REpRE SpociuR AR IET , O

perfornmed @6esmeox@ra rebgctid rafeydt@bpdndengCloah@ ficedakss tdt€ obthe lsbannsmnspreaduct or
| ayers and to activate the inpurity 25 )
A plurality of laser oscillators may be used to improve a processing capacity.

[Embodiment 3]

20 In Embodiment 3, an example of the crystallization of the semiconductor film
performed by using the optical system of the present invention will be described with
reference to Fig. 20.

First of all, a glass substrate made of glasses such as barium borosilicate glass
and aluminum borosilicate glass, a substrate which has an insulating film on the

25 surface such as a quartz substrate, a silicon substrate, a metal substrate or stainless
substrate, can be used as a substrate 20. The substrate 20 may be a plastic substrate
having a heat resistance sufficient to against the processing temperature in this
embodiment.

Next, a base film 21 made of an insulating film such as silicon oxide film,

30 silicon nitride film, and a silicon oxynitride film is formed on the substrate 20. In this
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el ement added to each of the sem conductor |ayer. The heating processing is
performed by thermal annealing nethod using an anneal ing furnace. The

t hermal annealing method may be performed in an atnosphere of nitrogen with
t he oxygen density of 1 ppmor below, preferably 0.1 ppmor below, at 400
to 700 C, typically at 5 500 to 550 C. In this enbodinent, the activation
processing is perfornmed through thermal processing at 550 C for four hours.
In addition to the thermal annealing nethod, |aser annealing nethod or

rapi d ther smbodinnen) 4 sigglewiyeoetr(dtirA ivasdiofd} tiewasbalmpp] Revevat, betmaury el v,

t he heating processing may be performed before the first 10 interl ayer

i nsul at i ngmfaylbeused w@pmwwmeﬂaye\vm@rm arewlackery Inahlélenézodlmenjszemlgon

sensitive to hea activati ce erapl d after
o nter <1 BYERTRE i oo R B P 3R FroRe iy Cotin ST con
such as si hltneﬁné&wfwénﬁf 1|s'fbrnf1&fb)9(h‘3tpﬁ£strﬁangvmﬁemoﬂes (ke this

enbodi nent. After the heating processing (thermal processing at 300 to 550

C for one to 15 Nexhoarsjnicenduetol obayed 22 hisdfaymedadn ahe clzase biglnpe2 . or Tieel.
This process term nates the dangling bond of the sem conductor |ayer with

hydr ogen c&fRigPReCtpmlayeie23 isrfé)fmF‘i‘mt”éﬁh{ 3a9’é‘|"k“ie?%€ﬁ 21 1on¢PG pmfpredgrably 30 to
Al ternat | V)?(%(Iy ng%al ypunﬁlc syrraaéwn ) t]ﬂ%’dd {]ggﬁa nfgh'c uttgljn?%%th 'L?gﬁfﬁtrﬂe?ﬁoé using

hydrogen e proces at mosphere

cont ai ni Ngarki pRsAHACVDYhethudy, A6 mh@&cr@i@@nd&t(ﬂ&ﬁnﬁﬂ N crystaQizkd Hy%umlclsay 20
al so be perforned. Subsequent ly, a second interlayer insulating film462
made from Bmowmosrystallizaiiors uhﬁhochdsﬂth as raatases atysmlhztattmm methodganthermal

|nsulat|ngna rla,l ISL\Q/‘# the}ﬂlrstlnt glrlnsulatln filmae61l.
An acr yP0i cenygiallizabiop el H%j“é A 95 4 FirRacs qoReal g Ang & therraal GpSalZRten ni s
enbodi nment Fm)qij i ty 000
cp, preferg)b es?l\?%en eﬁ c?é o %8&1%& ﬂ%/eecrr?’sat%ﬂh n&\)mic Jﬁgééﬁhcté’ggg.ég'l

formed on filrfis,SHédedte ahnigpbus! S&Hﬁdfcdﬂhcﬂbe fikhe ¥ eicratystalling eéhiohtdedor t he
surface of a pixel electrode is nade uneven by form ng a second interlayer
i nsul at i ngfifm| andmcrorntailmerﬁ@naepnginéméﬁl@ua ﬁ@m@ouw &emlgoréirwﬁmfﬂ@mavnmm her,

t he pixel el eg}ﬁjé)ode Séirfacehcan be de be uneven ﬁ] ﬁs have 19%(%
scat t er i ng?RAHRUE B PEP{eSEch angP PR B?% O SHTERI UG HT G170 FaY 5Ia% 26
formed 1kn fhef&8t O'ffy Rk %HJ&?mQﬁtX glasﬁllae@vw%thoﬁn@ ds8d BN aRf arkSPhERNV EX
portion can be perfornmed by anme photomask as that for formng the TFTs
and t her ef gitieon filmdi50en fmckreAftm the @ehydrogemasion msgpd:r[‘cemmdrdmethlmnqnpbcms

steps. Note that the convex portion nay al so be forned approprl ately on the
substrat e #HeeméilpiRePOPortioba hougiothedatex ceystallipation methgd s pert fﬁf’l%‘; tq n

this way, HAEV %Pr&%?rz%]hﬁeg?ﬁg;%m]n the surface of the pixel electrode al ong

t he unevenness € surface of the insulating filmwhich covers

the convex porti anconfintibhsddealition tpd Rikel sutirdkageexthyerdasy 48 Y86dags, t he
second interlayer insulating film462. In this case, it is preferable that

t he suRfac¥Visd lasedeY LFdasen Yl Qurlased, glaskeldsqry obydasesyEh saeplarmh@wncan be

sandbl astin or etc roc ven mrror fI ec and
her aby i rESAnor 16 faset ersGliaSioB cBRRRT: VML AeEE tastel rginsedug @ s o
467 for e'@ﬁfdh'tﬁ@usxr S&W%ﬁttc@%&ﬁ%Q%ﬁhhﬂcﬁjs'lﬁg&'béélblaticﬁﬁlk(&ﬂﬁdé}{s@d thentd or med
in adriver circult hat a lamnation filmof a Ti | m having a
t hi ckness ldvesdn cihprmsha@a oalal regtaﬁgﬂlam ghape hlylanwptbrbalﬁdysmndaﬂ'd )hd’nlasrern@am
thickness of 500 15 nmis patterned in order to form

cour se, i tthereofdiluminatesdhe agorphous siliqogyiim ¢ary b adpnted.¢ h@wg .Cmgﬁ?aéhr%{w
struct gge 8&,93@@116@{9 %%Hb%’% szj-«.feckéfat H%Oatn p&a{oﬁ.a“ i h{,geerhﬁefcﬁﬁl%nmeaiﬁ

accept are e Wring rateria For
exanmpl e, AdrygaliZetioRi® pt@bAREH fNadoabldnct WrittaBthniples kiswmag |1mple‘mdmratfmr nm ng
the Ti filmis fornmed by the patterning and formwring (Fig. 13). 20
Further, ampilssedndeEmbodiotat 4 204 2aofgh@ prOgETHiiNYE4i9, and a connection

el ectrode 468 arﬁé’formed in.a F{b‘f( esportl n 507. An Fﬂﬁérl cal. connection
s formed with t FECHEiEHl BRins Bt e darisd indhe s Faitine Seimieapadior

el ectrode @68-3FaHikiAgd 1astcﬂ§’crﬂféﬁea3@vé' 195 $BSibIe PR cAMteClhe Gluniferl ofCapdgIct i on
with the gate el ectrode of the pixel TFT. The pixel electrode 470 forns an
el ect r Boal bamdaged iwhichi tie tohey dreaiimcluedgi an 2 cbinriehefoRmapox etegithil ,byand i n
addition, fornms an electrical connection with the sem conductor |ayer 459
whi ch functions as one el ectrode form ng a storage capacitor. It is
preferable to use a material having superior reflectivity, such as a film
having Al or Ag as its nmain constituent, or a lamnation filmof such
films, as the pixel electrode 470. A CMOS circuit conposed of an n-channel
TFT 501 and a p-channel TFT 502, 30 a driver circuit 506 having an

n- channel TFT 503 and t he plxel portlon 507 haV|ng a 27 plxel TFT 504
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The pi xel TFT 504 of the pixel portion has: a channel form ng region 446; a
| ow concentration inpurity region 445 (LDD region) forned on the outside of
the gate el ectrode; and a high concentration inpurity region 458 which
functions as a source region or a drain region. Further, an inpurity

el ement which inparts n-type and an 20 inpurity el ement which inparts
p-type are added to the sem conductor |ayer which functions as one

el ectrode of the storage capacitor 50S. The storage capacitor 505 conprises
an el ect r ogRn(faeitrinal TPTs ¢ith4B23emivbnddaby fidnd Bd3edes £8iheO MUiIdO4l drg¥tar |
with the insulating film416 functioning as a dielectric. Edge poriions of
t he pixel glagcsubsthatialy basglh spystadlinityoregarded apnonperystal, titis possikle t@Bchieys ngs
such t hat be en, th i xel electrodes shield the |ight,. wthout using
bl ack e digh AT el eBler moPREL RS oot Setieh S of anfisiater
surface di ' | the active matrix substrate

manuf actur%bw}ﬁ?y&gﬁggﬁkﬂ?{*g%ﬁgm in Fig. 14. Note that the sane

ref erense synbol Buaha, sinedtieabtziaed tryntl goiitseapandnggl incahfeadieectionHt@gs. 11
to 14. Achainline 30 AAA in Fig. 13 corresponds to a cross sectional

di agr am cuPossitdeép exteaacly derreasentha number ofyfimgs Whep @ catuer qragseh e crystahaj n
line B-B'" in.Fig. 13. corresponds f(o,a cross sectjonal di am cut al ong a
chain 1 i neeBEbOpeRieR EERTO ke Lo Rl [ERDuet IRRGIOF h ot
conbi ned wedrber@RMARE(VATucEHP@RIHTBR Ent H1dWPing - wiven] £MFAdisnBUn &1 sttd)! ar@$s of
manufacturing a reflection type liquid crystal display device fromthe

acti ve mat currerg whkier(walee nhiduimatreme domingwbena FERts B ansoféstptedi addesbeldow i n

this enbodinment. Fig. 15 is used in the explapation. 10 An active matrix
substrafe Y tataeea%lsawé%fanﬁiagﬁel #1fect oG o o S 5 haieCiSF SRS
Enbodi ment; 5, apyorientation filmb567 is then formed on at |east the pixel
el ectrode on 'the active matrix substrate of Fig. 13, and a rubbing

process is performed. Note that, before formng the orientation film567 in
this enbodi nent, columar spacer 572 is forned in desired positions by
pat t er ni ng[Embastigni 4] resin film 15 such as an acrylic resin filmand the

li ke, in order t intain,a gap between substrates. Fyrther, spherical
spacers nay al so?fbremﬁi §0 P%‘&f"g‘&p%‘ﬁ °L st P& é%é*ﬂ?‘l“&c eo'Frytng”s%HBEt? te as
a subsfit U§e?nif:8@0|{chﬂ_ i) WHRG isSRAEfRAE goﬁi”th‘é%‘E?thnlsthﬁﬁE@éiﬁxeﬁpo whifl be

prepared next oring layers 570 and 571, and a_ leveling film573 are
t hen f or medesoribédeithppfeséntg ts Fixst21at e 569. The red coloring 20 | ayer 570
and a blue coloring layer 571 are overl apped to forma |ight_ shielding
portion. Furt her dsrassemigenduckfilan ug|teforguipg ar pEQrpRays silicon fEny is cagipdyy

over |l appin porij 1. h . i ng regn. C ]

| ayer. The stﬁib]s%rc é{déﬂg%gvv% Eﬁ{béglong |tﬁjén?‘ ée?%%&gé&d‘ﬁ IF%Q?%r?elr?b%lcrf?l ﬁ%%

Ther ef or e, utidihe b Reth@Pd¥EIBYePin Japshcde Pﬁﬂenpﬂbﬂﬂi@ﬁoﬁla@%éﬁ M0 7-183580Wn i N
Fig. 14, it is 25 necessary that, at |east, the gap between the gate wiring

469 andot haftepiaxtberned] érchinehd isiperfomted thenoomaheoverystallir tygeft ssmigoridugtat dmand

t he connecti.on el ectrode 468, and th a e en the connection el ectrode
468 and '« HS Py DyeRt Fastransg Ttmeog G BPOYgnt SREceBE eSS

col oring | Qygich @&&grﬁraoao&ﬁﬂ%scuﬁ&nwa nztﬁgprh: %%ﬁhﬂglnﬂ?]ﬁ@aﬂﬂfeh'dﬁ'ﬁtﬁmde

fromthe lamnation of the coloring layers are forne positions that
nmust be 30susfatebfid®d sermiconductot filmrby spimecoating t¢ tdiersby, 4ral thhemal ppasneny (at
substrate. 29 It is thus made possible to reduce the nunber of process

steps by pdlferiernghewgit SSRiCeifen A horrs) e peefesend Py dhy apaicpRtuGEIntiime

pi xel s,by I | | el di.ng 10 Hpﬁﬁﬁ - he ' i ons
of t hezgol %@l&tﬁ%opggeﬁds %Qé\(ﬁ)r? %lé:gt a’#tgr%&%{éﬁ% P;ﬁod%rqu hi %P%gatﬁ%yg#@ds%c as a
bl ack maskg@Bsdikdeats! 11 46@.2, heARyseARAISY Sthesepsibottetos fifm iBigervedByahe laser
transparent conductive filmis formed on the leveling film573 over at

| east t he gungdingooethodn, an orientation film574 is formed over the entire
surface of the aggoain sabstrate“ and a rubbin procgss S p%rtor d. The
active matrix substfescEbeth apven $IRES pFampars o Wikl FTYsh ERESOAPARREE | Peui t
are 10 for : tshe I e : |, QLinetk: (1 | {0
material  SeRrody e RRCRaAg CUHRtd By petinh e L QNIRRT o
subst r ab espragemt jdieAton vhithesdivicondicor Ty maisuniaflamget giag it i3 ppssibledaneduasi t h
the filler and the columar spacers. A liquid crystal material 575 is then
injected between both substrates, and tfie substrates are conpletely seal ed
by using a sealant (not shown in the figure). A known liquid 15 crystal
material nmay be used for the liquid crystal material 575. The reflection
type liquid crystal display device shown in Fig. 15 is thus conpleted. The
active matri x substrate or the opposing substrate is then cut into a
desired shape if necessary. In addition, a polarizing plate (not shown in
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[ Enbodi nent 7] 25 In this enbodi nent, an exanple of manufacturing the |ight
emtting device by using a manufacturing nethod of TFT that is used for
formng an active matrix substrate. In this specification, the |ight
emtting device is the general termfor the display panel enclosed a |ight
emtting elenent formed on the substrate between the aforesaid substrate
and the cover nenber, and to the aforesaid display nodule 30 equi pped TFT
with the aforesaid display panel. Incidentally, the light emtting 30

el ement  hageauee bf crigtdl Boiedries WHEHAE hay Whinelhdead ietRGhaphdlToALSLRANCE
can be obtained by applying an electric field (a light emtting |ayer), an
anode, andregianslhodeufapaimgiliils withdeskmicondbetot fibs.c Basideds, ninge gradividual
conpound i ncl uges_t he |i ghh %m ssi on fif'l uoreEsijceﬁncer%0 upon returning. fromthe
si ngl et - ex€Vsalsin sebstantinfx has g hgtalhnity reggefcd as nonocpisial.dhispgssifle o
(phosphore e : g AR i e

gr ound sta%’gl?afenélmu mqng&gir%g}[ gfrlago{fﬁ&?frﬁ WBM) %%Qltsg?)g?\.gtr%e[tsﬂﬁgemtap&q

speci fi sat irasistat émpldyhigsa monoagsthbsantieonduceranode and t he cat hode in the
light emtting elenment are defined as the organic light emtting |ayer. The
light emitting |Eywher sinee Hislabtaingdenysigherampserte apraeges) insemgdliresfientit in

I , the hol Ot tati I dth | ectr i
ayer et croile omkiREp JebRhaete pBiher aEOEeY Yol oRlid Rt R PRI e
The |ight gmid bbiiHafleSMBLfORS itCALD Bedtites! ARsdld Hftednse FlBtuatibe iRBRR

| ayer, the light emtting |ayer, and the cathode | ayer are sequentially

| am nat ed. currentdidluie] am offocurieing valueua threshold heltdgeght Sevmlue, iang adieddreffectmay

al so has a structure that the anode | ayer, the hole injection |ayer, the

li ght &R tTpPhYity.-ayhe elegtricharactaistiss alsaerg WRipved wmagdedbdnti al |1y | ami nat ed
or a structure that the anode layer, the hole injection |ayer, the |ight
emtting layer, the hole transportation |ayer, and the cathode |ayer etc.
are sequentBmbddimeansnated. Fig. 16 is a sectional viewof a light emtting
device of this enbodinment. In Fig. 16, the switching TFT 603 provi ded on

t he substrate 700 this ehchadisdentya msihog af mandfroturitganastiva FRtrbogibsrateiwgll 13,

oSty Sopptring e TRLaTH L% of ARE LRGN cliod S
I nci depgal %l]r}fvin | did2QH9BRd ﬁxaﬁgﬂgbmgbiﬂgs% gfxef‘ U £a gﬁ}rg%es EAACYY Bref OF med

with two channgl regions, Tt i ossi b use a single dgate structure

fornmed witformee tedutiivras cAligl afive matrix shhuatcior eomtenisgicelr e formed with
three. 25 The driver circuit provided on the substrate 700 is_forned by

usi ng the CVOS cFir#uiftallop sppsirate 400 tosmsd Pl ahass yuchcembasivm hgroshisae@pstnat i on

of the structuyre, it.is satjsfactory to.r. .h i

o channel St BbsIRAIHAS Pl B i Bboditeal DlIBHH AR 480 pleb be
embodi menta §ar®d sibstraftgla&ilgnesubbirate] aleatali ubbisatp @8 Siailesst bsigste awHiphbl e
gate structure or a triple gate structure. 30 Meanwhile, the wirings 701,

703 selfe hws moinseleting filmgen die suréaceMIhecsubsimate 490 maywhe acplastc subsiralg 702
as a drain wiring. Meanwhile, a wri 704 serves as a wri.n 0,.

el ectri camvl%?ﬁ?é&sf%@%@ﬁ‘*ﬁ_@%%‘ﬂgé PURGEPSHRE céﬁﬁﬂr_et‘ﬂém%g‘ﬂ‘i’@é‘qe_é’@i on of
the swtching ThleNnG!st Bimdr A0 In RN ARPARIR U hOGilOn Rfe! filnf 2 | Y
connect between tﬁe rain wring 76 and the drain region of the swtching
TFT. 5 | ncdideot witrdide filan,aund asilicoa@xyniotidelfln 6Xérmed dwthesdbdiyatei40t gintthis

p- channel TFT 502 of Fig. 13. Consequently, concerning the explanation of
the structtmkodiment, 8 tyarlpygratustuge isgisedfeithe baseHEmed Qi Hav e deryghure

p- changel TFET, 502.. Incident al I Lhi e Rt i gl e
gate s? $uc’fjﬁ¥ Be uf’etd W@ergg?gg% llé&éf’roﬁllﬁsga) g&glgtﬁ% %‘S‘glgp é’gépﬁ Hé?ltfﬁ)é%glreggﬂt”r%i pl e
gate strughi® arclfadiRANVAY 4 Brst 1Rr B thiehase’ Bfin 481,20 SREGEEx pitridedilef 401ae
current control TFT (corresponding to a current supply line) while the

W ring 707sifernzl K te@00oue(drofeabl 5@ & 10Qmn) thickonnesingbiHy NEzangNe@) as

el ectrode 711 of the. current control TFT by erl i nder, t he pi xel

el ect r ode 7ICRCURR ZAHME RECOT @%r”é‘rﬂl&éhﬁalﬁ‘é‘inélc‘g 1mF§g§' Bﬁ)&gs eé?l%f%gltlr%gte 4Canode
of a 15 |ight-enjfti efmnat . Ig; ANSPAr gt rgonguctiyg figl m  As
t he transpsglrléeor?t(meéﬁlﬂrugtfﬁ}\?e@gl(%ﬁ)%g%ﬂﬁgmgéglycorrpohnd of “I’'ndi um oxinde and
tin oxsele,Ha Com)atzdonhed Withinthivkngs G50 mh NMeRy iade seadnddagetiafehe base oxi de
or indium oxide, or otherwise my be used a transparent conductive film as
above added with gallium The pixel elegfrode 711 is forned on a planar
interlayer insulating film710 prior to formng the 20 wirings. In this
enbodi nent, it is very inportant to planarize the step due to the TFT by
using a resin planarizing film710. Alight-emtting |ayer to be forned

| at er, because being extrenmely small in thickness, possibly causes poor
l'ight emission due to the presence of a step. Accordingly, it is desired to
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carbon particle or netal particle to an insulating filmas a material for
the bank 712, thereby reducing resistivity and suppressing occurrence of
static electricity. In such a case, the addition anount of carbon or netal
particle nmay be adjusted to provide a resistivity of 1 x 106 to 1 x 1012
S2m (preferably 1 x 108 to 1 x 101 S2nm). 5 A light emtting layer 713 is
formed on the pixel electrode 711. Incidentally, although Fig. 16 shows
only one pixel, this enbodi nent separately forns the light-emtting |ayer
cor r espondifigl 01, @ dilicor 65RRG deVENC MY B MBI Wi thikidcds 6£8D 187200 Bim

(bl ue). Meanwhil e, in this embodiment is formed a | ow nol ecul ar wei ght
organic i @hltef@ﬁbhythoﬂgo 5@ am) by ubipgtSild. arehts® vi ancagtion gasin aSperdaiideceith v,

thlSlsaIamnatlo strugture aV|n co per.hthaloc Pc)
1L pr owi dei e Y KRELSof 15 GNP RBodmahon sifetn ERg o, dOM
tris-8-qyui nu |_s 3) r.0gi

t hi ckness 5%% nﬁ@ggr%k :géht%%{?l ﬁ%}) ?é)}\gr / %h%almcg o?(% %eitr%h]@é?%tq I ght
can be conthiokhess obyo@em.ng a fluorescent pigment, such as quinacridone,

peryl ene or DCML, to Al g3. 15 However, the foregoing exanple is an exanple
of organic |ight Next.ta |swg1qm@i@¢tpralfﬂm015bf@rm§@dmf Rase| fgA. - é?ﬁsttoifr?é)l Ithg/er

and not necessari S_sat ctARY. t rm.a

T ant en ¢ erngordudler P S TorBed Mife ickSeiaH Zh oAb leisid R0 o
therefore) 1BynhY 6¢LpubABER! l&?fo% Rethbd rCéucﬁrﬁ'sttltxé §fhtteA%E metRod NPOED method
transporting Iayer and an electron injecting layer. For exanple, although
in this enbodiptenia @B dethedpvihdrhthe sxmipnductor fitm ¢hestatlizedblyecpltdiclyvei ght
organic light emtting nmaterial is used for a light-emtting layer, it is
possi bl ® tgne\ye &Wsmﬁéaftmdﬂ%ﬁth%r@aeh cay |lgwtr émStatlhlwc’ﬁatr@gh%ﬁ gieamal hi gh
mol ecul ar yel 9&1%221?18 ?t%ol 'ug mttrl n rrrlT%t ngalm dtﬁ‘]%%”%%r%vg%au&a” ¢

i ght - em t t1R A g 16 %8 et %8R pr erty

nol ecul es kr(btﬁchﬁ‘uﬂﬂgt%eﬁme&fl @it th@sifatRE BB ReslitRiRo U addiavh Ngudictengt h
of 25 10 umor less, is provided as a intermedi ate nol ecul ar organic 1i ght
em tting nknewn arystaibzatiom mtémp lcan bf comibiredtdnd uUsed Hontdle exydtaltizateing hthe

organic i mtting, material, hi ophene (PEDOT) filmwith a
t hi ckness g?m%nﬂ?ﬁt?fs%f@rm ?ﬁe*ﬁg%‘ﬁ/’}?oﬁ%éfaﬁ‘é’ ERBAINY & HBE YRkt i on

| ayer d i S ctdy t yl e V) of
about 100 StsorRcISL! 0% Shi U ol ahiRS! RblcBRAECNGEY SRR, (A
| um nescensﬁnm@nmdt@nﬂlrﬁ rﬁ@nbba aﬁhmﬁﬂdsehnamdued)rtfﬁnbhakangmn@h@ghbﬁga ~ 33
-conj ugated type polymer of PPV. Meanwhile, it is possible to use an

i nor gani c REE@RIcHuCE @& An amomhqus,éﬂlceargsrra@nmrﬁlah eI ectron tr ansportl ng

| ayer or charge inj These m tti terials or

nor gan o mat or | Are s SRS AR ReMEAS rpdPt. 1T oA SeaEH o

conduct i vesdjid ﬁbte’sla%roé{lgdﬁquasef‘ o Rembiaf Msee6t &6dtﬁﬂoh§k§§tﬁlla7t§o3} hrkhbﬁ'l'dsbe
enbodi ment, an all oy firmof alunminumand lithiumis used as the conductive

film @0 cmmeéehatas kireofiore goipips dlid| staté ddsen WAG lasenfY ViRghesi YiFdasersYAURy ) may
be used. t he cat rial sed conductive filmof an

el enent belaStyi eSSt gs?rhé{‘rﬁ%%?%’&i Epaélfﬁéeaf‘ﬁﬁﬁ’p‘}i ireglasey of iR dkeve £i 1l m
added with, i ted at
2t e hau RaRoB o MBI e ey, Bhe ?”zk&fﬁ%aﬁea%?%?%myé e TR,

l i ght -em thl‘@cel(mﬁﬂlier?)iﬂldiﬁ{e&bfWOhﬁﬁwlﬁ dsoillatioh ardisted, I?{Bdl ayvtlief'foﬁagpingel

el ectrode (anode) 711, a light-emtting |layer 713 and a cathode 714. 15 It
i s ef fect i metal bspk olivre- cadpayBilasas COPPT VERRIALET, G914 vidntor dasqppnkihe tike are

conpl etzgl yGoyer the light-emtting elenent 715. The passivation film 716
is formed lo§/ an insulating filmincluding a carbon film a silicon nitride
filmor a silicop E}?ié/@h{bbﬁﬂﬁerft' bismandves bl &NuddaStd Brbdn fanhdphdusd
single | ayer or a conbined lam nation. In such a case, it is preferred to
use a fil nsifiewofilinlveith n thickessagé 146 ran,20dphes mhmlﬁucnnalfqrysmlhlzatwrsmﬂfodct ive
to use a carbon film particularly DLC (di anond-1i ke

using metallic elements, which”promote crystallization, and laser crystallization
method are used for the amorphous silicon film. Nickel is used as a metal element, and

30 isintroduced onto the amorphous silicon film by a solution coating method. Then heat
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carbon) film The DLC film capable of being deposited in a tenperature
range not nore than 100C fromroomtenperature, can be easily deposited
over the light-emtting layer 713 low in heat resistance. Meanwhile, the
DLC film having a high blocking effect to oxygen, can suppress the
light-emtting layer 713 from 25 oxidi zi ng. Consequently, the probl em of

oxi dation can be prevented in the light-emtting |ayer 713 during the
fol l owm ng sealing process. Furthernore, a sealing menber 717 is provided on

the passi vatdtaienf id €ondlibtedQt 3801°C fp Tl echou@ VR her@ByTBBIainAS a QL ciyRsRAl | Ng
menber 717 used may be an ultraviolet curable resin. It 1s effective to

provi de t heihepmfitms lﬁj@@mtlm&hﬁ epen beam isho 69@0@(3@1@@9& ps@Hatign YVO,
for the 34 cove

t d t ffect. i
o 97 plasgLtheoubir WL et Tyl TR SRRt highBE bornamiaor e B st r at e
(1t noa i 88 ik o 5 BOBIIHLA kDS RkY 101 RERRS- didke

carbon filns) forned on the both surfaces thereof hus, conpleted Is a

l'i ght emi tlﬂkungndedllI}EthaUptlitgl aystting chowa mnglsomnslamdFi) dn decdfllance with

I nci dental |y is effective to continuously carry out, without release to
the air, tﬁ@bpﬂm@é% angd EmpadimeptsdsantZ leheFi:tP}an‘P!@H“agt?élse‘?Qﬂdn?YrYQtaHHlfank

712 by u5|n osition a nulti in-1ine
conens) 1 sy Eon IyRRERE 05 ¥er Boaf ik Al 2R EHAE R i d
cont i ”UOUSéﬂéngﬁqr Ithe ﬁkﬁt cPﬁ@alHﬁ@ﬁﬁéén HHn E&th@@%ﬂnﬂgzr?stﬂ%@élh@ﬁm n?ﬂs?ove

w t hout rel ease to the air. hi s manner, n-thannel TFTs 1,

p- channel thETsysbdllnity of whet mkmmy cr'&EfEll(m*r ghicomim TRT thi6 Goraend, abccun 10cGEnto

control TFT (p-channel TFT) 604 are for on the substrate 700.
Fur t hed%or B0 @fs"vm (rg5erablydy L ¢p 1\ Ve gm rrg>116 negrssary &9t the GRerEN densitr ihp

regi on overl ApRsd LY diRA4aLE: ﬁgﬁ)@mdﬁatspé% Rl 0.934/20b B lhdh Tt 1S

possible to or m an chan resi st eri ora I’on

resul ting iflogihdted, a@adthdtthe @t ysedltine SubseHUERN formead. | i ght emi tting device
wi th high rellablllty can be realized. Meanwhile, this enbodi nent shows

only the confi gOf apurse, ajthougk agiiletapbs farmed dyarsing therfirli erystallinetsiliconer |
according to the ma I rocess in this embodi ment esid ese,
it is pos @ﬂeﬁf%P?% ﬁg%ﬁHtHnggﬁg i FEsiplling 11508 8}‘ ﬁ%ﬂtﬁgbVBéﬁ%T%ircuits
as a shgnalind Mfcsée‘eﬂn(‘f'c'f)‘;s‘t'dlfxnc Ril{dof FARNKES Eﬁ’rlmp?(f\/eﬁpéyﬁ’éllﬁiﬂ R bieb@le @
y-correction circuit or 't ke. Furthernore, a nenofy or croprocessor
can be f oramaehctekistics|of tTF(ITays impro¥ed.pFayingeanet, althouglaorhencDF Rss fiesediblyed
above can be used_ as

using the first crystalline silicon film, a mobility is almost 300 cm ?/Vs, when TFT is

formed by using the second crystalline silicon film, the mobility is extremely improved

with about 500 to 600 cm’/Vs.

20 The amorphous silicon film is crystallized by using a metal element
facilitating the crystallization in this embodiment. Therefore, the metal element
remains the crystalline silicon film. The metal element is removed as follows: First of
all, an amorphous silicon film 50 to 100 nm thick is formed on the crystalline silicon
film. Then, thermal processing (such as RTA method or thermal annealing using an

25 annealing furnace) is performed thereon. Then, the metal element is diffused in the
amorphous silicon film, and the amorphous silicon is removed by etching after heating
processing. Thus, the metal element contained in the crystalline silicon film can be
reduced or removed.

Doping of a very small amount of an impurity element (boron or

30 phosphorous) may be performed after forming the semiconductor layers 402 to 406 in
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a display portion in various kinds of electronic equipnent. Note that it is
possible to 25 freely conbine this enbodi nrent with Enbodi nents 1 to 5.

[ Enbodi nent 8] Various sem conductor devices (active matrix type liquid
crystal display device, active matrix type light emtting device or active
matri x type EC display 30 device) can be forned by applying the present

I nvention. Specifically, the present 35 I nvention can be enbodied in

el ectroni c equi pnent of any type in which such an electro-optical device is

i ncor por at @eddr o @oktrdR BYT PREthM valgech el ectronic equi pnent is a video
canera, a digital canera, a projector, a head-mounted display (goggle type

di splay), a car ﬁagatgmﬂuwirrgﬁslnem7 B foanedsn@netmveang threseswinandwwtordayas, a
bil e inf | h bi t bile teleph

or an el ectPBt dBBocbeds jostfipa dih &l Brogsed & Anirulating B coiagHDE and.

19A to 19C, %{&8}4\,\91 ckh;:&?’(g?(?@% §50 nlr:ﬂ QSm df[‘?smot‘ﬁ/ﬁ opgégtg&%lég g?ﬂ;@f%er

whi ch incl udes a naln an | nage portion

portion 530@ﬁlbodlnkﬁﬂbﬁﬁlldox36%lﬁm ﬁlhﬁ(cbhip@sxtﬂihﬂ raflofB8ir=s80 %, GemudeN of the
present invention can be conpleted by applying the semi conduct or devi ce

manuf act ur ¢ byd Hrre2 ;%)émmg a ﬂnl\vxeﬁml@ﬁssqf Il Qandis Spimad poplasron CYIDBretividy. 17B
shows a vi bo 3101, a.d.

3102, a sodfa S RGTTIRURE R SI0 e aR I B8 s Bikde BEaBEpines 105
an 15 '”agﬁxsﬁﬁa@i% Vi Ings &gﬁﬁlh% S50 ﬁﬂ? ﬂeh@sehuhea Igl% I n'}’con A figQfiod Ne

pr esent |nvent|o can be conpl eted by~ appl yi ng t e se uctor device
manuf act ur eudiyret he present invention to the display portion 3102. Fig. 17C
shows a nobile computer which includes a main _body 3201, a canera EPrtion

3202, df imge rEBBhes Aga pse}mnowégéém ’énuséﬂertaﬁamn@e &qeghb g piesman CHD

o oo PorRy SRR Wb 1, PP SRS ghie, 7 Raehln

nmanuf act ur gebsire tdrea®PaS emh ll{éVﬁsttr% femhpehRurdi s lfRdim POt 10080320%nd by

discharging at a high frequency (13.56 MHz) electric power density of 0.5 to 0.8

W/cm?. Good characteristics as a gate insulating film can be obtained by subsequently

15 performing thermal annealing, at between 400 and 500°C, of the silicon oxfde film thus
manufactured.

A first conductive film 408 having a film thickness of 20 to 100 nm, and a
second conductive film 409 having a film thickness of 100 to 400 nm are then formed
and laminated on the gate insulating film 407. The first conductive film 408, made

20 from a TaN film having a film thickness of 30 nm, and the second conductive film 409,
made from a W film having a film thickness of 370 nm, are formed and laminated in
this embodiment. The TaN film is formed by sputtering, and sputtering of a Ta target is
performed in a nitrogen atmosphere. Further, the W film is formed by sputtering using
a W target. In adciition, the W film can also be formed by thermal CVD method using

25 tungsten hexafluoride (WFs). Whichever is used, it is necessary to be able to make the
film become low resistance in order to use it as a gate electrode, and it is preferable that
the resistivity of the W film be made less than 20uQcm. The low resistance of the W
film can be achieved by increasing the size of the crystal grains. However, when the W
film contains a large amount of impurity element such as oxygen, the crystallization is

30 inhibited, which raises the resistance. Accordingly, in this embodiment, the W film is
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Fig. 17D shows a goggle type display which includes a main body 3301, a

di splay portion 3302, arm portions 3303 and the |ike. The goggle type

di splay of the 25 present invention can be conpleted by applying the

sem conduct or devi ce manufactured by the present invention to the display
portion 3302. Fig. 17E shows a player using a recording nmediumon which a
programis recorded (hereinafter referred to as the recordi ng nediun), and
the player includes a main body 3401, a display portion 3402, speaker
portions 34Qedady 06 epetidithgMethbdusde M@ipurap Epaitydg 99Wobo Beswadflit aml t he
i ke. This playegwuseg a D&gﬁ(u gitaF VErsat??g 3 Disc), a Crg%nd t he

| i ke as t hbytddog dhepreventiome! mbrysionaiflimpusityufrem 2 vapmjpbgserdwiing thedilmes,
ganes and the |Internet. The recordi ng_ nmedium of the prese i nventi on can
be conpl et LYTHYS ABIFI SRERK: tCHBSIEErﬁf‘%rngﬂ@'\sm‘hed@\?%‘@“ﬁéﬁﬁ é‘b%rl’éﬁc’ﬂycac“h e

pr esent ingﬁﬂg¢&$ to the display portion 3402. 5 Fig. 17F shows a digital
canera whi ch rncludes a body 3501, a display portion 3502, an eyepi ece
portions3503, opBlodd it AiMougheasie IACY coRductivagiint @08iivi TiN PAA! the Nsecomd
shown) and the like. The digital camera of the present invention can be

conpl et ed Bynduspive filg 40Rds Ve thisreamhodineriethicrccareran parictlar Henigjionnplapedsent

i nvention to.the displa or.Lion 3502. 10 Ei g.,~d8A, shows fragnt.type
oo act o e ondur o e s situgas a4 st S SEord coBi R | o
like. The #9oHaytaREOPIRINGE M 6RBleRRnE HIVHES BOmAYe 2RIPYIIASistiRg of Ta, W,
sem conduct or dévice manufactured by the present invention to a liquid

crystal di $piMy, Ak €r3868Ndhorcirornansilioy maeria hasing e of ieesp rebjreants an
device 3601, and other driver circuits. 15 Fig. 18B shows a rear type

proj ect!8r {hHiTRHN| GOEPUMERL HTEPR $HERgMIEah gompond, P ghese lagpintee Fapdisr, &
mrror 370 [ .3704 t I e.:l: LVp [QJ: r. e
conpl eted %/m%g% ‘if?‘grgf‘f ’etygzér%‘lﬂ oahnﬁcﬂl&% J(yrgtaclil-ltla}t\}i %I(Ialgﬁ{arfll&%{a&ugP@{dagégtlﬁ@ﬁgpgsent
invention pRnint bifthl é&_pﬂoggncﬁbuﬁis&mbed/nﬁwlsbeoe?&@& zmhsﬁa@g%mcwm?. @ part
of the projection device 3702, and other driver circuits. 20 Fig. 18C shows
one exanpl eorobinatien sf thedirstre@ndfictéadiinoformiad bp asiratuimofdapfim ead tiggetonthd

3702 which are respectively sh in Figs. 18A and_18B. Fach of the

proj ecti onCWE§%B§B(§?‘% 33378&2&‘2 1ggtiop ‘Ptﬁgﬁf‘rséBW‘E@UKF)BLE_JPHE%t em
3801, nmirr i b T 0 ayp e 807,
a quuﬂg c? 2%gﬁﬂﬁngﬁgaﬁgib%ggagggg?ﬁgﬂg aé@hg??y@rg%ggﬁpﬁ%fkvgéggﬂgﬁd a
proj ect i onc@pbinadbn oY siecits? bomRittve Tihd Pro¢dby hamtalptd siatids RNy fildBdd | s
made of an optical systemincluding a projection |ens. Present enbodi nent

i s an exanfileesespnd conduetiys &l fopped ueniAl fiknnet al ¢ombiagtien of Hhe fighnpl e

and may al so be..of si ngl e-pl at e e. Iln i tdhon, those 0. e dy. the
i nvention WEVRQBEE8@?&%?@F@bﬁf%%Sgéxgﬁ“%BF#§§ﬂ5?&Ef@ﬁﬁgﬁéﬁaﬁk %ﬁﬁ@g?%%al
lens, a fifjmkehdiObyRa RR @it #33dséiBle unction, a filmfor adjusting phase
difference, an IR 30 filmor the like in the path indicated by arrows in
Fig. 18C 37  FiMasisBl0 o 1% aw fohoed mgxiofreme xesind lusingf a phetodithagrapire of
the |light source optical sgsten13801,showp in Figi 18C. .1 n this enbodj nent,
the 1ight B§thode 28613 izt etChing process is performed in Order to form electrodes an

wirings. The first etching processing is performed in accordance with first and second

etching conditions (Fig. 11B). An ICP (Inductively Coupled Plasma) etching method

is used as a first etching condition in this embodiment. A gas mixture of CF,, Clz, and

25 0, is used as an etching gas, the gas flow rates are set to 25: 25: 10 (sccm), respectively,

a plasma is generated by supplying a 500 W RF (13.56 MHz) electric power to a coil

shape electrode at a pressure of 1 Pa, and etching is performed. A 150 W RF (13.56

MHz) electric power is also applied to the substrate side (sample stage), thereby

applying a substantially negative self-bias voltage. The W film is etched under the

30 first etching conditions, and the edge portion of the first conductive layer is made into
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system 3801 is made of a reflector 381, a |light source 3812, lens arrays
3813 and 3814, a pol arizing conversion el enent 3815 and a condenser |ens
3816. Incidentally, the 5 light source optical systemshown in Fig. 18D is
one exanple, and the invention is not particularly limted to the shown
construction. For exanple, those whose enbody the invention may
appropriately di spose an optical systemsuch as an optical lens, a film
having a pol arization function, a filmfor adjusting phase difference, an
IR filmor atehgerbd Kigapel0 The projector shown in Figs. 18A to 18D is of the
type using a transparent type of electro-optical device, but there is not
shown an exanpl élienetghinghcanid@iansvaratdhangdds taappiecentl ewhing eddédon ovithoppe of

el ectro-optical. device and,.a |ight em.tting, devicge. Fi 19A shows a nobile
t el ephone RHPEYINELRS Masks 430r?ﬁl4hg %%f}' 4 sy IR UERR K 399l Brbsgdes, a

3005, an ant oua 885, A g SV e RL B BI errBRRERE LA RGOS

inventi on ganerbedcioyapplydts BysEPW RIQ18.56 MelY) Gutbc pdived @i £ oil shape
manuf actured by the present invention to the display portion 3904. Fll)g. 19B
shows a noblackodoaia gressace olohPe apd skohinghis prripriesdide sperorimaielycifseqoais,

di spl ay por,ti 4003,  a storage, nedi um 4004 rati, SW t ches
20" h005, "ot AV R ReMnted oty pdt T RSToner Rtk s BRERRs R coine

i nvention i i r 1

ANt act ur GBS oA S ar U Rise: THENY i sga iy
4003. Fi g. TaNGilahanesoth etichgd by ombhecsamenarterdsystha seeond dicidyg ddftitions wsipor t

base 4102, a display portion 4103 and the |ike, The display of the present
i nvent il9n HEngasaniiire it eyl Gl Ngte phatghe sichinenime merychwimcaraged en the

manuf act ur ed, b sent . invention to the.display portion 4103. The
Mvent s on peptf o RBRG Blash B PR Pak S5h -G ikt 0 the g
advant ageougula®ing filispl ay having a di agonal size of 10 inches or nore
(particularly, 30 inches or nore). As is apparent fromthe foregoing
descri ption, theEdgnpertiohs afyhk ficsttcondsctive layee aDthiesvemidicondudtivexayeemed y

w de, and the invention can be applied to any category of 38 el ectronic
appar at us. Mede&tp 3AAReTehHRPEILACCREIIFR VMY theeiert of AbwRYPtRece aPPIFI P &h8 i zed

005 18 2P e By TR % SHBLIRL B8 By AR . e
confi gur at higde-@EntidrRdFiresasling RULditibRNTAE an@doptirtapérbé pb@ldnev fi6m 15
to 45°. First shape conductive layers 417 to 422 (first conductive layers 417a to 422a,
and second conductive layers 417b to 422b) are thus formed from the first conductive
layers and the second conductive layers by the first etching process. Reference
20 numeral 416 denotes a gate insulating film, and regions not covered by the first shape
conductive layers 417 to 422 become thinner by approximately 20 to 50 nm through
etching.

A second etching process is then performed without removing the masks made
of resist (Fig. 11C). Here, W film is selectively etched by using CF4, Cl,, and O, for
25 the etching gas. At this time, the second conductive layers 428b to 433b are formed by
the second etching process. On the other hand, the first conductive layers 417a to 422a

are hardly etched and the second shape conductive layers 428 to 433 are formed.
A first doping process is then performed without removing the masks made of
resist and the semiconductor layer is added to the impurity element which imparts

30 n-type at a low concentration. The doping process may be performed by ion doping
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essential advantages can be obtained. (a) Wen sem conductor film
crystallization apparatus that uses a CWIl aser is designed, according to
equati ons shown by the present invention, appropriate 10 accel eration
properties of a stage can be easily grasped in advance. This is simlar
even when a plurality of lasers of the sane kind or a plurality of |asers
of different kinds are used. (b) Wien the CWIlaser is used according to
equations with which the present invention conplies, sem conductor filns
havi ng chanagh®r disfondsjeelion tetibda Wnrippinglis petfpshad withiprocessbadimiedsmth a
hi gh throughput. Wen a plurality of; | asers, of %he same kind or a plurality
of lasers ohieh tealossge kispidsomrlex 196do Spudh *emheandithe ansghpsetioncenitage is

obt ai ned. ). Since does. not t e on i ch
Che-sem contnererrrid BouRTe Raiii PRirERe TN eRiadi i SHIE oo Sesde!™ or
i nstance OﬂnﬁsgpuppﬁﬁﬁqQnéﬂk%kaﬁ&%noﬁb@uﬁ&ﬂk@@ﬂﬂﬂ&ﬁpﬂAﬁbkﬁﬁnh@ﬂbﬂ@ngto

characteristics close to a single crystal can be formed with a
t hr oughput theWrenp 45 ptiypically phosphotas€P¥ondrs¢hie (As)ne vkddas anrmq:uplltpe]ahiehy of
| asers of different kinds are used, nuch hjgher throughput can be obtained.
(d) Since ¥hihuimnay nstypedPRosphoroNs 62) 1&U§qwrﬁe@é§§éaa9e @éﬂothuvaé@fers
anneal i ng es e t

325 T 15740 HOGDSROLACRENL, 001 LARELy QUL wiliBF 1RGSRl

i nventi on can easl any aser o0scl

addi tion tgopdiRtighPwRd thamaplﬁﬁm@gﬂmm% 4Q¢‘dtectﬁrﬁ)h’cpixpﬁdelﬂ-ﬂlg’}ﬂngﬁﬁ)tahﬂ&
matrix type liquid crystal display device, an inprovement in operational

char act er i $he ospanity elehémbvHich ynprrtstnhtyps mddod@ruﬁmdmpdém egionad2h e 427
realized. 39 VHAT |S CLAIMED |S: 1,3A lasepyirnradiati on nethod conpri sing
t he ste1|9 Ftag‘&‘%ﬂﬁrﬁt@o‘hlqaa’é?égeﬁtim fQ;I Eﬁ]r %S/ )1‘383 a substrate at a scanning

speed V; wherei Ryey ?&r?&(ﬁ)&!’lﬁé?ﬁdﬁj §1&E‘rﬁ§c&5&rr¥s&9 Q&ztxﬁés% s 4B, REAY AdqSpeed

Vis g and a 5 I engt ne e substra the scanning speed
V sati sfi esf fegidt re4drndd, 3ad thesedorsd dbpiPprocdss i3 péridrmed iAhi@2ehcdeldrabrat | on

met hod conprising the step of: scanning a |aser beamrelatively to a
substrate a@ltzggegbanme;fgst mrocess. Ion doping is performed with process conditions
in which the dosage is set from 1 x 10" to 1 x 10'° /em?, and the acceleration voltage is
15 set between 60 to 120 keV. The doping process is performed by using the second
conductive layers 428b to 432b as masks and the semiconductor layer under the
tapered portion of the first conductive layer is added to the impurity element.
Continuously the acceleration voltage is lowered than the second doping process, the
third doping process is done, and the state of Fig. 12A is obtained. lon doping method
20 is performed with process conditions in which the dosage is set from 1 x 10 to 1 x
10" Jem? and the acceleration voltage is set between 50 to 100 keV. Low
concentration impurity regions 436, 442 and 448 overlapping with the first conductive
layer are added to the impurity element, which imparts n-type within the range of the
density of 1 x 108 to 5 x 10" /cm? by the second doping process and the third doping
25 process and high concentration impurity regions 435, 441, 444 and 447 are added to
the impurity element, which imparts n-type within the range of the density of 1 x 10"
to 5 x 10°! /em®.
Of course, the second doping process and the third doping process can be

one-time doping processes by making it to a suitable acceleration voltage and it is also

30 possible to form the low concentration impurity region and high concentration
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10 wherein, when accel eration necessary to attain the scanning speed Vis g
and a length of one side of the substrate is b, the scanning speed V
satisfies 0.9 (gb/5.477)1/2 <V < 1.1 (gb/5.477)1/2. 3. A laser irradiation
met hod any one of clainms 1 and 2, wherein the | aser beam 15 i s processed
with an optical systemso that the shape thereof on the substrate or in the
nei ghborhood thereof is elliptical or rectangular. 4. A laser irradiation
nmet hod according to any one of clains 1 and 2, wherein the | aser beamis
radi ated fomé qgg%}]_nuous wave solid |aser, gas |aser, netal |aser. 20 5.
A laser irradi a?,io met hod according to any one of clains 1 and 2, wherein
the | aser beam i Nexadftet rechovirgthe measks mado6f teaisg mewahasks dd0h t4S(c made

conti nuous wave YAG | aser, YV04 | aser, YLF laser, YA103 | aser, Y203 | aser,
gl ass | asefrony gpist prestormeds pRg Hischiourtd doping progesd isrperfanmssni Impurisy dsgionss 6. ' A
| aser irragdiatign h rdi 4 ] f_.clai . and ein

t he | aser %ﬁe%%slﬂs4%%%11(?%9@9:83%3%}8?g%lﬁg@ﬁ&oc%&g%rg v&lﬁﬁlglrgﬁarﬁgggrcoég%@ﬁ@d from

a conti Buolc—}@e\/@f%sﬁé“ﬂ.) MRAt bRBR! abdVe dRSESndukliviipefie is2hdicdO2rd 3&@ed B0 7. A
| aser irradiation nethod according to any one of clains |land 2, wherein 40

t he | aser bhmanddnse vath tieddufth dopingeprédassl imfthel sasdcondettec fidms fwhich become

conti nuous wave helium cadm um | aser, copper vapor |aser, an ol d, vapor
laser. 8. #¢tivadayers pf the Richanmehiyprdd Tac Pa?wgﬁtcenaww&rléyea?qég%fw and

e 30 B SO ) ARl AP DAY e,
one of cl ainiarts pfgbelcondietiitynisoatleditd€omh thdBnsuthsiregibas il aaelfanpingsi de
of the substrate. 10 10. A laser irradiation nethod according to any one of
cl ai s 19 amanner. Whedmpurity ragioan4ddriS4f 43%mandio0are formell by aenydepiag aretizgd mm x
400mm 550, 1 X050, 10 { $O0, g 020 ik X, 20 D schoMhckor By 1000
forming the n-channel type TFT are covered with the masks 450a to 450c made of
resist when the fourth doping process is performed. Phosphorous is added at different
concentrations into the impurity regions 439, 447 and 448 by the first to third doping
15 processes. However, by performing doping such that the concentration of the impurity
element which imparts p-type conductivity becomes from 1 x 10" to 5 x 10*
atoms/cm’ in the respective regions, no problems develop in making the regions
function as source regions and drain regions of the p-channel type TFT.
The impurity regions are thus formed in the respective semiconductor layers by
20 the steps up through this point.
A first interlayer insulating film 461 is formed next after removing the masks
450a to 450c made of resist. This first interlayer insulating film 461 is formed from an
insulating film containing silicon, having a thickness of 100 to 200 nm, by using
plasma CVD method or sputtering method. A silicon oxynitride film having a
25 thickness of 150 nm is formed by plasma CVD method in this embodiment. The first
interlayer insulating film 461 is of course not limited to a silicon oxynitride film, and
other insulating films containing silicon may also be used, as a single layer or a
lamination structure.

Next, as shown in Fig. 12C, thermal processing is performed to recover the

30 crystalline characteristic of the semiconductor layers and to activate the impurity
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15 11. A laser irradiation apparatus conprising: a |laser oscillator; and an
optical systemfor processing a | aser beamradiated fromthe | aser
oscillator; wherein a scanning speed V of the |aser beamrelative to a
substrate, when accel eration necessary to attain the scanning speed Vis g
and a |l ength of one side of 20 the substrate is b, satisfies
(gb/5.477)1/2/2 <V < 2 (gh/5.477)1/2. 12. A laser irradiation apparatus
conprising: a |laser oscillator; and 25 an optical systemfor processing a

| aser bearglémehtaheded t@matheof afetefOhdl@b0layewheTRE heatifg §51bedigingPRed V
of the laser beamrelative to a substrate, when accel eration necessary to

attai n t hepestoameidrhy theewdl wniealigg anethed [usingtdn afineshag Siecof Theethsubalt r at e
is b, satisfies 0.9 [5.477)1[2 <.V < 1.1 b/5.477)1/ 2 30 41 13. A

| aser §rr dinstEun el mey S aEA o o iy SEReS o hEtdRe i g
wherein t 1 REATT 510k R Rz A6y O 1 Phrh 3 bOBW, GRA0rRSIRMCS By il he
shape thepgeg%ﬁgﬁft %@ subst ra"?%%or i thlgb nel ghbor hood t her eof )lll;sl gl"i %tpt i cal
or rectangdoato. 53 1@. IA thidsaibddiment did anivapp@padosssing topetorgnedaheonghone of
clainms 11 and 12, wherein the |aser is a continuous wave solid |laser or gas
| aser or riBempal| preegssingsat 300 s dpr fourhwuat i &h adgisian de ube dberaraliapgealingany

cont i nuoudn oS 19 apdcnnd 00T LidEid 5B i PR Mg B bbthod 9547

| ayer, gl assy oS8! ruby | aser, alexandrite laser, and Ti: sapphire |aser.
16. A laser irradiation apparatus according to any one of clains 11 and 12,
wher ei n t he | aseAltérsaovay.k thed heatingc pedessingnnzayc dnt parfroosd waaferee dlod st

| aser, Ar laser, 15 Kr.laser,. and CO2 |aser. 17. A laser irradi.ation,
appar at%s interlgyen Hlj“t;émgn@l%ri%af(%m?ﬂ-ai el\/fr,awéqu, wiring material i use 18

sensitive to heat, the activation processing is preferably performed after an inter-layer
insulating film (insulating film mainly containing silicon such as silicon nitride film)
for protecting the wires like this embodiment.
After the heating processing (thermal processing at 300 to 550 °C for one to
15 12 hours) is performed, hydrogenation can be performed. This process terminates the
dangling bond of the semiconductor layer with hydrogen contained in the first
interlayer insulating film 461. Alternatively, as other means of hydrogenation, plasma
hydrogenation (using hydrogen excited by plasma) or heating processing in an
atmosphere containing 3 to 100 % of hydrogen at 300 to 450 °C for 1 to 12 hours may
20 also be performed.

Subsequently, a second interlayer insulating film 462 made from an inorganic
insulating film material or from an organic insulating material is formed on the first
interlayer insulating film 461. An acrylic resin film having a film thickness of 1.6 4m

_ is formed in this embodiment, and thé material used may have a viscosity from 10 to
25 1000 cp, preferably between 40 to 200 cp. A material in which unevenness is formed
on its surface is used.

In order to prevent mirror reflection, the surface of a pixel electrode is made
uneven by forming a second interlayer insulating film which forms an uneven surface
in this embodiment. Further, the pixel electrode surface can be made to be uneven and

30 have light scattering characteristics, and therefore a convex portion may also be
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wherein the | aser is one kind selected froma continuous wave

hel i um cadm um | aser, copper vapor |aser, and gold vapor laser. 20 18. A

| aser irradiation apparatus according to any one of clains 11 and 12,
wherein the | aser beamis nodul ated into higher harnmonics with a non-1inear
optical elenment. 25 19. A laser irradiation apparatus according to any one
of clainms 11 and 12, wherein one side of the substrate is a | onger side of
the substrate. 20. A laser irradiation apparatus according to any one of

clainms 11 angheldn awbgioibelov tierndietsttrotie t The ftRGti6RbEhe LoAMk potEoRtas00 MM
x 400mm 550 mm x 650 30 nm (600 nmmto 620 nm) x 720 mm 730 nm x 920 nm
1000 mm x beperfarmedibyithezame phemnmaskyas s forfarmimg thexl ks, hod thepefofedb camat i ng

a sem conductor devi.ce conprising the step.of: scanning a sen conductor
Filmwith B18uned athael increqsipethe, BURY B RIPeHouaPy: NotoleH dfh CORFGY,
accel erati | ' [oShi : gt h of
one_s1 do. of CAREREE A Do o D DR ARC o e i AR S I P
scanni ng spreexgpt Yheswiningfsiand T/ In4kid)widy2 iRevenkess i fdrgledSn 4lve7 $urfate O tR2. A
nmet hod for fabricatinq a sem conduct or device caonprising the step of:

scanni ng aPuehfleswedrcalans the upeysnngssiormed in the spatage of theingylatae b vrhiehy

speed V, r el en. accel erati on necessary to attain the scanni ng speed
Visg an\é\ggvﬁ%er&iget 'of* (rglgloéli'de of a substrate on which the sem conduct or

filmis formed i a BimtR&iSEanRyAIsIERREUnYy &0l B €& A5 the Sedo@ld/ Mtdiafkd/ 2 <
V < 1.1 (gh/5.477)1/2 23. A nethod for fabricating a sem conductor device

accor di ng insubatipgdilm 442. dhdhiysase] itas prefrablatteat éhasurfase basede wpavan by an
processed wi an optical system so at.the shape thereof on the substrate
b °Fn the. RSB Sothns 5ROV SanqlaRingarrog S 15 ¢ b ReAcas to DiVER
met hod for f;ABf tGALIBEY MAaSETe6) MM WhYdMeSs 67 SQtEHA rdifectiigie of
Wirings 463 to 467 for electrically connecting respective impurity regions are
then formed in a driver circuit 506. Note that a lamination film of a Ti film having a
thickness of 50 nm and an alloy film (an alloy of Al and Ti) having a thickness of 500
15 nm is patterned in order to form the wirings. Of course, it is not limited to the
two-layer structure, the single-layer structure or the lamination structure more than
three layers may also be acceptable. Further, Al and Ti are not limited to the wiring
material. For example, Al and Cu are formed on TaN film, and the lamination film
forming the Ti film is formed by the patterning and form wiring (Fig. 13).
20 Further, a pixel electrode 470, a gate wiring 469, and a connection electrode
468 are formed in a pixel portion 507. An electrical connection is formed with the
pixel TFT and the source wiring by the connection electrode 468. Further, the gate
wiring 469 forms an electrical connection with the gate electrode of the pixel TFT. The
pixel electrode 470 forms an electrical connection with the drain region 442 of the
25 pixel TFT, and in addition, forms an electrical connection with the semiconductor layer
459 which functions as one electrode forming a storage capacitor. It is preferable to
use a material having superior reflectivity, such as a film having Al or Ag as its main
constituent, or a lamination film of such films, as the pixel electrode 470.
A CMOS circuit composed of an n-channel TFT 501 and a p-channel TFT 502,
30 adriver circuit 506 having an n-channel TFT 503, and the pixel portion 507 having a
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claims 21 and 22, wherein the |aser beamis radiated froma conti nuous wave
solid laser or gas laser or netal laser. 25 25. A nethod for fabricating a
sem conduct or device according to any one of clains 21 and 22, wherein the
| aser beamis radiated fromone kind of |aser selected froma continuous
wave YAG | aser, YVO4 | aser, YLF |laser, YA103 |laser, Y203 | aser, glass

| aser, ruby |aser, alexandrite |laser, and Ti: sapphire laser. 30 43 26. A
met hod for fabricating a sem conductor device according to any one of
claims 21 a@mel TFT YHearsi nstotagel capagitopS8mcas thusdicafiosnied vothosenk sutdtrafe. | aser
selected from a . .continuoys wave exciner ser, Ar laser, Kr laser, and CO2

|
| aser. S 2 .CA.CH%? F3y% S?rﬁ‘l‘}r‘f‘&[&‘fg!cﬁalpéetg m conduct or devi ce according to
any one of ¢l #hn AdnRNFFFS01 WAt B chifSEs nReAG el Ak MLl oldhBrONe

kind of | aser selecte roma continuous wave hel i um cadm um aSer, copper
vapor | asethe wl comdedtrafipmo impas@rregibd £3 (GOIBL fegibr) avhitklontdaisi wih ahe

sem conduct or devi ce according to any one of clains 21 and 22, wherein the
| aser beamiiry cepdugtivedayqrd28a mayRepctieps qororden of the gatariectrodseand Bisthighl

el ement. 29. A Fe{.hod for fabri g%i Bg;hff Sﬁm' conduct or devi ce &ccor ding to
any one of “IB-QfIAHNLIBRITYY 9N Tf WPEN{UBHIONS Y8 SAYrCP HB' A it FATEepion,

| onger si dgpefy-¢HaansIUPBT 580 Swhid-fofndBleNOMIOPEré BOWIRARE A%hanSd TFEEPS@1ICt Or
devi ce according to any one of clainms 21 and 22, wherein a dinension of the
substrat e nsd #heyelocteodef46808y anrebeck#izd@hoonnsbiomhasx aGhanmehfolring ragioh@4620 nm)
X 720 mm 730 nm x 920 nm 1000 nm x 20_1200 mm and 1150 mm x 1350 nm 31.
A met hod f 8ie kigBrooagentragion IawNrith FrEieR 43 ydych Bingtiens as Agopreaglony of

]E:: i’:llmms 41%)1 8&% %ggioP{Wa%rdetihQ 1H§Er1§f{:gg?8pgyf §iP (vhid.hl meiiﬁapﬁri@ lalieﬁl%gfscﬁ)r%[a upgl ng

SORA R BSpBaft - BpbShe RSB Aol 1R ATRMTTTAG AEFS, MR o 1S
S, . AS, R A@®. AGD. Al @. A, R ASh@. AT h@. Af. AS, R. A3AT . A@. AS{, 2. AS{. A@ @ . ASh

e. AS{ . AS, Rfa@ingRroxicd A4&]; theddwAS)ncA@t XSSP pABIt Afe gA@RAFL (BROBBIOAOH which
) -#% val gb Xfla{ ag}]éca%éakc%ca C%L‘c’}aq]: %J c%&g] al ca) ca] ca] ca].ca] catha] cajcalc
a] ca] ca] caP¥ T R AR £ty ;ﬂ@ka. -tﬁat,w jgs a.portion of the gate
<d<g<c>>>AQEFaRbhd: Jnd v b rati0h é«l tyFe£idn 436 Whibl rdriiib &8 %@kﬁﬁ] caj ¢
a]J ca] ca] caJcaJ calca] cal ca] ca] ca] caJcalta] caJtalca]ca]ca]caJca]cal NbNNO
, OOOOSRAQRRBIBRREGESERioN UgUUUVgW xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] cql] ca%ca] ca] ca] ca] ca] ca] ca] ca] ca} ca] ca] ca] ca] ca! gWW" X
YXOXXX&YV YY The pixel TFT 504 of the pixel portion has: a channel forming region 446; a
low concentration impurity region 445 (LDD region) formed on the outside of the gate
electrode; and a high concentration impurity region 458 which functions as a source
region or a drain region. Further, an impurity element which imparts n-type and an
20 impurity element which imparts p-type are added to the semiconductor layer which
functions as one electrode of the storage capacitor 505. The storage capacitor 505
comprises an electrode (lamination of 432a and 432b) and the semiconductor layer,
with the insulating film 416 functioning as a dielectric.
- Edge portions of the pixel electrodes are disposed so as to overlap with source
25 wirings such that gaps between the pixel electrodes shield the light, without using a
black matrix, with the pixel structure of this embodiment.
An upper surface diagram of the pixel portion of the active matrix substrate
manufactured in this embodiment is shown in Fig. 14. Note that the same reference
symbols are used for portions corresponding to those in Figs. 11 to 14. A chain line

30 A-A’in Fig. 13 corresponds to a cross sectional diagram cut along a chain line A-A’
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made from the lamination of the coloring layers are formed in positions that must be

30 shielded from light, and then are joined to the opposing substrate.
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performed

The active matrix substrate on which the pixel portion and the driver circuit are
formed, and the opposing substrate are then joined by a sealing material 568. A filler is
mixed into the sealing material 568, and the two substrates are joined while
maintaining a uniform gap in accordance with the filler and the columnar spacers. A
liquid crystal material 575 is then injected between both substrates, and the substrates
are completely sealed by using a sealant (not shown in the figure). A known liquid
crystal material may be used for the liquid crystal material 575. The reflection type
liquid crystal display device shown in Fig. 15 is thus completed. The active matrix
substrate or the opposing substrate is then cut into a desired shape if necessary. In
addition, a polarizing plate (not shown in the figure) is attached to only the opposing
substrate. An FPC is then attached using a known technique.

A liquid crystal display panel manufactured as described above can be used as
a display portion in various kinds of electronic equipment. Note that it is possible to

freely combine this embodiment with Embodiments 1 to 5.

[Embodiment 7] _

In this embodiment, an example of manufacturing the light emitting device by
using a manufacturing method of TFT that is used for forming an active matrix
substrate. In this specification, the light emitting device is the general term for the
display panel enclosed a light emitting element formed on the substrate between the

aforesaid substrate and the cover member, and to the aforesaid display module

equipped TFT with the aforesaid display panel. Incidentally, the light emitting
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10: 10%& () MEHAALBLE kidc@Kitdidt&echde il sibimt eBhpbladincludes the light emission

(fluorescence) upon returning from the singlet-excited state to the ground state and the
5 light emission (phosphorescence) upon returning from the triplet-excited state to the
ground state, including any or both of light emission.

In this specification, all layers formed between the anode and the cathode in
the light emitting element are defined as the organic light emitting layer. The light
emitting layer, the hole injection layer, the electron injection layer, the hole

10 transportation layer, and the electron transportation layer, etc. are concretely included
in the organic light emitting layer. The light emitting element basically has the
structure that the anode layer, the light emitting layer, and the cathode layer are
sequentially laminated. In addition to this structure, the light emitting element may
also has a structure that the anode layer, the hole injection layer, the light emitting layer,

15 and the cathode layer are sequentially laminated or a structure that the anode layer, the
hole injection layer, the light emitting layer, the hole transportation layer, and the
cathode layer etc. are sequentially laminated.

Fig. 16 is a sectional view of a light emitting device of this embodiment. In
Fig. 16, the switching TFT 603 provided on the substrate 700 is formed by using the

20 n-channel TFT 503 of Fig. 13. Consequently, concerning the explanation of the
structure, it is satisfactory to refer the explanation on the n-channel TFT 503.

Incidentally, although this embodiment is of a double gate structure formed
with two channel regions, it is possible to use a single gate structure formed with one
channel region or a triple gate structure formed with three. B

25 The driver circuit provided on the substrate 700 is formed by using the CMOS
circuit of Fig. 13. Consequently, concerning the explanation of the structure, it is
satisfactory to refer the explanation on the n-channel TFT 501 and p-channel TFT 502.
Incidentally, although this embodiment is of a single gate structure, it is possible to use
a double gate structure or a triple gate structure.

30 Meanwhile, the wirings 701, 703 serve as source wirings of the CMOS circuit
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Fig. 13. Consequently, concerning the explanation of the structure, it is satisfactory
to refer to the explanation on the p-channel TFT 502. Incidentally, although this
embodiment is of a single gate structure, it is possible to use a double gate structure or
a triple gate structure.

10 Meanwhile, the wiring 706 is a source wiring of the current control TFT
(corresponding to a current supply line) while the wiring 707 is an electrode to be
electrically connected with a pixel electrode 711 of the current control TFT by
overlapping under the pixel electrode 711.

Meanwhile, reference numeral 711 is a pixel electrode (anode of a

15 light-emitting element) formed by a transparent conductive film. As the transparent
conductive film can be used a compound of indium oxide and tin oxide, a compound of
indium oxide and zinc oxide, zinc oxide, tin oxide or indium oxide, or otherwise may
be used a transparent conductive film as above added with gallium. The pixel
electrode 711 is formed on a planar interlayer insulating film 710 prior to forming the

20 wirings. In this embodiment, it is very important to planarize the step due to the TFT
by using a resin planarizing film 710. A light-emitting layer to be formed later,
because being extremely small in thickness, possibly causes poor light emission due to
the presence of a step. Accordingly, it is desired to provide planarization prior to
forming a pixel electrode so that a light-emitting layer can be-formed as planar as

25 possible.

After forming the wirings 701 to 707, a bank 712 is formed as shown in Fig.
16. The bank 712 may be formed by patterning an insulating film or organic resin film
containing silicon having 100 to 400 nm.

Incidentally, because the bank 712 is an insulating film, caution must be paid

30 to element electrostatic breakdown during deposition. In this embodiment added is a
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5 A light emitting layer 713 is formed on the pixel electrode 711. Incidentally,
although Fig. 16 shows only one pixel, this embodiment separately forms the
light-emitting layer correspondingly to the respective colors of R (red), G (green) and
B (blue). Meanwhile, in this embodiment is formed a low molecular weight organic
light emitting material by the deposition process. Specifically, this is a lamination

10 structure having a copper phthalocyanine (CyPc) film provided in a thickness of 20 nm
as a hole injecting layer and a tris-8-qyuinolinolato aluminum complex (Algs) film
provided thereon in a thickness of 70 nm as a light-emitting layer. The color of
emission light can be controlled by adding a fluorescent pigment, such as quinacridone,
perylene or DCM1, to Algs.

15 Howévcr, the foregoing example is an example of organic light emitting
material to be used for a light-emitting layer and not necessarily limited to this. It is
satisfactory to form a light-emitting layer (layer for light emission and carrier
movement therefore) by freely combining a light-emitting layer, a charge transporting
layer and an electron injecting layer. For example, although in this embodiment was

20 shown the example in which a low molecular weight organic light emitting material is
used for a light-emitting layer, it is possible to use an intermediate organic light
emitting material and a high molecular weight organic light emitting material.
Furthermore, an organic light-emitting material, having no sublimation property but
having molecules in the number of 20 or less or chained molecules having a length of

25 10 um or less, is provided as a intermediate molecular organic light emitting material.
For an example of using the high molecular weight organic light emitting material, a
polythiophene (PEDOT) film with a thickness of 20 nm is formed by the spin coating
method as a hole injection layer and the lamination structure installing
paraphenylenvinylene (PPV) of about 100 nm on it as a light emitting layer may be

30 good. The luminescence wave length can be selected from red to blue by using the &
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0 9&0aB7 % pductive film. Of course, a known MgAg film (alloy film of magnesium and silver)
may be used. As the cathode material may be used a conductive film of an element
belonging to the periodic-table group 1 or 2, or a conductive film added with such an

10  element.

A light-emitting element 715 is completed at a time having formed up to the
cathode 714. Incidentally, the light-emitting element 715 herein refers to a diode
formed with a pixel electrode (anode) 711, a light-emitting layer 713 and a cathode
714.

15 It is effective to provide a passivation film 716 in such a manner to completely
cover the light-emitting element 715. The passivation film 716 is formed by an
insulating film including a carbon film, a silicon nitride film or a silicon oxynitride
film, and used is an insulating film in a single layer or a combined lamination.

In such a case, it is preferred to use a film favorable in coverage as a

20 passivation film. It is effective to use a carbon film, particularly DLC (diamond-like
carbon) film. The DLC film, capable of being deposited in a temperature range not
more than 100°C from room temperature, can be easily deposited over the
light-emitting layer 713 low in heat resistance. Meanwhile, the DLC film, having a
high blocking effect to oxygen, can suppress the light-emitting layer 713 from

25 oxidizing. Consequently, the problem of oxidation can be prevented in the
light-emitting layer 713 during the following sealing process.

Furthermore, a sealing member 717 is provided on the passivation film 716 so
as to bond a cover member 718. For the sealing member 717 used may be an
ultraviolet curable resin. It is effective to provide therein a substance having a

30 hygroscopic effect or an antioxidant effect. Meanwhile, in this embodiment, for the
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z[PE: S 16. Inc1dentally, it is effective to contintously carry out, without release to the air, the
process to form a passivation film 716 after forming a bank 712 by using a deposition
apparatus of a multi-chamber scheme (or in-line scheme). In addition, with further
development it is possible to continuously carry out the process up to bonding a cover
member 718, without release to the air.
10 In this manner, n-channel TFTs 601, p-channel TFTs 602, a switching TFT
(n-channel TFT) 603 and a current control TFT (p-channel TFT) 604 are formed on the
substrate 700.
Furthermore, as was explained using Fig. 16, by providing an impurity region
overlapped with the gate electrode through an insulating film, it is possible to form an
15 n-channel TFT resistive to the deterioration resulting from hot-carrier effect.
Consequently, a light emitting device with high reliability can be realized.
Meanwhile, this embodiment shows only the configuration of the pixel
portion and driver circuit. However, according to the manufacturing process in this
embodiment, besides these, it is possible to form on the same insulating member such
20 logic circuits as a signal division circuit, a D/A converter, an operation amplifier, a
y-correction circuit or the like. Furthermore, a memory or microprocessor can be
formed.
A liquid crystal display panel manufactured as described above can be used as

a display portion in various kinds of electronic equipment. Note that it is possible to

25 freely combine this embodiment with Embodiments 1 to 5.

[Embodiment 8]
Various semiconductor devices (active matrix type liquid crystal display
device, active matrix type light emitting device or active matrix type EC display

30 device) can be formed by applying the present invention. Specifically, the present
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115Uy robi AT S A (S R TS B S AR O A y 210
%&' () - ZQTUpMkdnal computer, a mobile information terminal (such as a mobile computer, a
mobile telephone or an electronic book etc.) or the like. Figs. 17A to 17F, 18A to 18D
and 19A to 19C show some of its examples.
Fig. 17A shows a personal computer which includes a main body 3001, an
image input portion 3002, a display portion 3003, a keyboard 3004 and the like. The
10 personal computer of the present invention can be completed by applying the
semiconductor device manufactured by the present invention to the display portion
3003.
Fig. 17B shows a video camera which includes a main body 3101, a display
portion 3102, a sound input portion 3103, operating switches 3104, a battery 3105, an
15 image receiving portion 3106 and the like. The video camera of the present invention
can be completed by applying the semiconductor device manufactured by the present
invention to the display portion 3102.
Fig. 17C shows a mobile computer which includes a main body 3201, a
camera portion 3202, an image receiving portion 3203, an operating switch 3204, a
20 display portion 3205 and the like. The mobile computer of the present invention can be
completed by applying the semiconductor device manufactured by the present
invention to the display portion 3205.
Fig. 17D shows a goggle type display which includes a main body 3301, a
display portion 3302, arm portions 3303 and the like. The goggle type display of the
25 present invention can be completed by applying the semiconductor device
manufactured by the present invention to the display portion 3302.
Fig. 17E shows a player using a recording medium on which a program is
recorded (hereinafter referred to as the recording medium), and the player includes a
main body 3401, a display portion 3402, speaker portions 3403, a recording medium
30 3404, operating switches 3405 and the like. This player uses a DVD (Digital Versatile
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5 Fig. 17F shows a digital camera which includes a body 3501, a display portion

3502, an eyepiece portion 3503, operating switches 3504, an image receiving portion

(not shown) and the like. The digital camera of the present invention can be completed

by applying the semiconductor device manufactured by the present invention to the
display portion 3502.

10 Fig. 18A shows a front type projector which includes a projection device 3601,
a screen 3602 and the like. The front type projector can be completed by applying the
semiconductor device manufactured by the present invention to a liquid crystal display
device 3808 which constitutes a part of the projection device 3601, and other driver
circuits.

15 Fig. 18B shows a reér type projector which includes a main body 3701, a
projection device 3702, a mirror 3703, a screen 3704 and the like. The rear type
projector can be completed by applying the semiconductor device manufactured by the
present invention to a liquid crystal display device 3808 which constitutes a part of the
projection device 3702, and other driver circuits.

20 Fig. 18C shows one example of the structure of each of the projection devices
3601 and 3702 which are respectively shown in Figs. 18A and 18B. Each of the
projection devices 3601 and 3702 is made of a light source optical system 3801,
mirrors 3802 and 3804 to 3806, a dichroic mirror 3803, a prism 3807, a liquid crystal
display device 3808, a phase difference plate 3809 and a projection optical system

25 3810. The projection optical system 3810 is made of an optical system including a
projection lens. Present embodiment is an example of a three-plate type, but it is not
limited to this example and may also be of a single-plate type. In addition, those who
embody the invention may appropriately dispose an optical system such as an optical
lens, a film having a polarization function, a film for adjusting phase difference, an IR

30 film or the like in the path indicated by arrows in Fig. 18C.
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171 5100 &P G RARH SO0 p iR i gpBfginent i GBRR G Sl
g#10% & () sy¥em 3801 7aibde df d reflector 3811, a light source 3812, lens arrays 3813 and 3814,
a polarizing conversion element 3815 and a condenser lens 3816. Incidentally, the
5 light source optical system shown in Fig. 18D is one example, and the invention is not
particularly limited to the shown construction. For example, those whose embody the
invention may appropriately dispose an optical system such as an optical lens, a film
having a polarization function, a film for adjusting phase difference, an IR film or the
like.

10 The project°or shown in Figs. 18A to 18D is of the type using a transparent type
of electro-optical device, but there is not shown an example in which the invention is
applied to a reflection type of electro-optical device and a light emitting device.

Fig. 19A shows a mobile telephone which includes a main body 3901, a sound
output portion 3902, a sound input portion 3903, a display portion 3904, operating

15 switches 3905, an antenna 3906 and the like. The mobile telephone of the present
invention can be completed by applying the semiconductor device manufactured by
the present invention to the display portion 3904.

Fig. 19B shows a mobile book (electronic book) which includes a main body
4001, display portions 4002 and 4003, a storage medium 4004, operating switches

20 4005, an antenna 4006 and the like. The mobile book of the present invention can be
completed by applying the semiconductor device manufactured by the present
invention to the display portions 4002 and 4003.

Fig. 19C shows a display which includes a main body 4101, a support base
4102, a display portion 4103 and the like. The display of the present invention can be

25 —completed by applying the semiconductor device manufactured by the present
invention to the display portion 4103. The invention is particularly advantageous to a
large-screen display, and is advantageous to a display having a diagonal size of 10
inches or more (particularly, 30 inches or more).

As is apparent from the foregoing description, the range of applications of the

30 invention is extremely wide, and the invention can be applied to any category of
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5 [Effect of the Invention]
When the configurations of the present invention are adopted, the following
essential advantages can be obtained.
(a) When semiconductor film crystallization apparatus that uses a CW laser is
designed, according to equations shown by the present invention, appropriate
10 acceleration properties of a stage can be easily grasped in advance. This is similar
even when a plurality of lasers of the same kind or a plurality of lasers of different
kinds are used.
(b) When the CW laser is used according to equations with which the present
invention complies, semiconductor films having characteristics close to a single
15 crystal can be obtained with a high thro-ughput. When a plurality of lasers of the same
kind or a plurality of lasers of different kinds are used, much higher throughput can be

obtained.

(c) Since the laser does not so much heat the substrate on which the
semiconductor film is deposited, when the present process is used, for instance on a
20 plastic substrate, the semiconductor films having characteristics close to a single
crystal can be formed with a high throughput. When a plurality of lasers of the same
kind or a plurality of lasers of different kinds are used, much higher throughput can be
obtained.
(d) Since a scanning speed that makes a time necessary for the laser annealing
25 minimum does not depend on a laser output, the present invention can be easily applied
to any kind of laser oscillators.
(e) In addition to the above, in a semiconductor device typical in an active
matrix type liquid crystal display device, an improvement in operational

characteristics and reliability of the semiconductor device can be realized.
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scanning a laser beam relatively to a substrate at a scanning speed V;
wherein, when acceleration necessary to attain the scanning speed V is g and a

5 length of one side of the substrate is b, the scanning speed V satisfies

(gb/5.477)"2 < V < 2 (gb/5.477)"2.

2. A laser irradiation method comprising the step of:
scanning a laser beam relatively to a substrate at a scanning speed V;
10 wherein, when acceleration necessary to attain the scanning speed V is g and a

length of one side of the substrate is b, the scanning speed V satisfies

0.9 (gb/5.477)'* < V < 1.1 (gb/5.477)".

3. Alaser irradiation method any one of claims 1 and 2, wherein the laser beam
15  is processed with an optical system so that the shape thereof on the substrate or in the

neighborhood thereof is elliptical or rectangular.

4. A laser irradiation method according to any one of claims 1 and 2, wherein
the laser beam is radiated from a continuous wave solid laser, gas laser, metal laser.
20
5. A laser irradiation method according to any one of claims 1 and 2, wherein
the laser beam is radiated from one kind of laser selected from a continuous wave YAG
laser, YVO, laser, YLF laser, YAlO; laser, Y,O3; laser, glass laser, ruby laser,
alexandrite laser, and Ti: sapphire laser.
25 -
6. A laser irradiation method according to any one of claims 1 and 2, wherein

the laser beam is one that is radiated from one kind of laser selected from a continuous

wave excimer laser, Ar laser, Kr laser, and CO; laser.

30 7. A laser irradiation method according to any one of claims land 2, wherein
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the laser beam is radiated from one kind of laser selected from a continuous wave

helium-cadmium laser, copper vapor laser, and gold vapor laser.

8. A laser irradiation method according to any one of claims 1 and 2, wherein

5 the laser beam is modulated into higher harmonics with a non-linear optical element.

9. A laser irradiation method according to any one of claims 1 and 2, wherein

one side of the substrate is a longer side of the substrate.

10 10. A laser irradiation method according to any one of claims 1 and.2, wherein
a dimension of the substrate is any one of 300 mm x 400mm, 550 mm x 650 mm, (600
mm to 620 mm) x 720 mm, 730 mm x 920 mm, 1000 mm x 1200 mm, and 1150 mm x
1350 mm.

15 11. A laser irradiation apparatus comprisiné:
a laser oscillator; and
an optical system for processing a laser beam radiated from the laser oscillator;
wherein a scanning speed V of the laser beam relative to a substrate, when
acceleration necessary to attain the scanning speed V is g and a length of one side of
20 the substrate is b, satisfies

(gb/5.477)"%/2 < V < 2 (gb/5.477)2.

12. A laser irradiation apparatus comprising:

a laser oscillator; and

25 an optical system for processing a laser beam radiated from the laser oscillator;
wherein a scanning speed V of the laser beam relative to a substrate, when
acceleration necessary to attain the scanning speed V is g and a length of one side of
the substrate is b, satisfies
0.9 (gb/5.477)"* < V < 1.1 (gb/5.477)'".
30
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the substrate or in the neighborhood thereof is elliptical or rectangular.

5 14. A laser irradiation apparatus according to any one of claims 11 and 12,

wherein the laser is a continuous wave solid laser or gas laser or metal laser.

15. A laser irradiation apparatus according to any one of claims 11 and 12,
wherein the laser is one kind selected from a continuous wave YAG laser, YVOy laser,
10 YLF laser, YAlOs laser, Y,O3 laser, glass laser, ruby laser, alexandrite laser, and Ti:

sapphire laser.

16. A laser irradiation apparatus according to any one of claims 11 and 12,
wherein the laser is one kind selected from a continuous wave excimer laser, Ar laser,

15 Kr laser, and CO, laser.

17. A laser irradiation apparatus according to any one of claims 11 and 12,
wherein the laser is one kind selected from a continuous wave helium-cadmium laser,
copper vapor laser, and gold vapor laser.

20

18. A laser irradiation apparatus according to any one of claims 11 and 12,

wherein the laser beam is modulated into higher harmonics with a non-linear optical

element.

25 19. A laser irradiation apparatus according to any one of claims 11 and 12,

wherein one side of the substrate is a longer side of the substrate.

20. A laser irradiation apparatus according to any one of claims 11 and 12,
wherein a dimension of the substrate is any one of 300 mm x 400mm, 550 mm x 650

30 mm, (600 mm to 620 mm) x 720 mm, 730 mm x 920 mm, 1000 mm x 1200 mm, and
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scanning a semiconductor film with a laser beam at a relative scanning speed V;

5 wherein, when acceleration necessary to attain the scanning speed V is g and a

length of one side of a substrate on which the semiconductor film is formed is b, the
scanning speed V satisfies

(gb/5.477)"%/2 < V < 2 (gb/5.477)"2.

10 22. A method for fabricating a semiconductor device comprising the step of:
scanning a semiconductor film with a laser beam at a relative scanning speed V;
wherein, when acceleration necessary to attain the scanning speed V is g and a
length of one side of a substrate on which the semiconductor film is formed is b, the
scanning speed V satisfies

15 0.9 (gb/5.477)"% < V < 1.1 (gb/5.477)"2.

23. A method for fabricating a semiconductor device according to any one of
claims 21 and 22, wherein the laser beam is processed with an optical system so that

the shape thereof on the substrate or in the neighborhood thereof is elliptical or

20 rectangular.

24. A method for fabricating a semiconductor device according to any one of
claims 21 and 22, wherein the laser beam is radiated from a continuous wave solid

laser or gas laser or metal laser.

25
25. A method for fabricating a semiconductor device according to any one of
claims 21 and 22, wherein the laser beam is radiated from one kind of laser selected
from a continuous wave YAG laser, YVOy, laser, YLF laser, YAIO; laser, Y,03 laser,
glass laser, ruby laser, alexandrite laser, and Ti: sapphire laser.
30
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10 28. A method for fabricating a semiconductor device according to any one of
claims 21 and 22, wherein the laser beam is modulated into higher harmonics with a

non-linear optical element.

29. A method for fabricating a semiconductor device according to any one of

15 claims 21 and 22, wherein one side of the substrate is a longer side of the substrate.

30. A method for fabricating a semiconductor device according to any one of
claims 21 and 22, wherein a dimension of the substrate is any one of 300 mm x 400mm,
550 mm x 650 mm, (600 mm to 620 mm) x 720 mm, 730 mm x 920 mm, 1000 mm x
20 1200 mm, and 1150 mm x 1350 mm.

31. A method for fabricating a semiconductor device according to any one of

claims 21 and 22, wherein the semiconductor film is a silicon-containing film.
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